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SCIENTIFIC AND TECHNOLOGICAL LIBRARY SERVICES IN BRITAIN 


N its last three annual reports the Advisory 

Council on Scientific Policy has stressed the 
importance of proposals for developing in Britain 
both a central reference library of science and tech- 
nology and @ national lending library in that field. 
Such a scheme has been discussed for a long time, 
and it is now some five years since the Government 
of the day approved a plan for a Science Centre in 
London. This Centre was to provide accommodation 
for the Royal Society and other leading scientific 
societies, the Patent Office, the Department of 
Scientific and Industrial Research, and other Govern- 
ment scientific organizations, and would clearly make 
large contributions towards @ national library system 
in science and technology. But even the planning of 
the Centre was suspended for reasons of so-called 
economy. In its latest report, the Advisory Council 
could only add: ‘‘We are informed that a decision 
has been taken to place ultimate responsibility for 
the National Science Lending Library on the Depart- 
ment of Scientific and Industrial Research and that 
the Department has been given authority to start 
planning such a library”’. 

A paper which Dr. D. J. Urquhart presented to 
the University and Research Section of the Library 
Association on January 5 provides the first evidence 
of progress ; though it would be premature to suggest 
that it is the concrete evidence for which the Advisory 
Council on Scientific Policy is looking. Within the 
Department of Scientific and Industrial Research, 
Dr. Urquhart said that it has been decided that the 
new library should be called the National Lending 
Library for Science and Technology. The purpose of 
his paper, which dealt with some planning problems 
of such a library, was to indicate the trend of thought 
in the Department about the creation of this library, 
and to invite observations and suggestions while ideas 
were still fluid. 

The decision to make the Department of Scientific 
and Industrial Research responsible for the new 
library is in accordance with a recommendation of 
the Panel on Technical Information Services of the 
Committee on Industrial Productivity, which the 
Advisory Council on Scientific Policy endorsed in its 
seventh annual report. It was then recognized, as 
indeed was inherent in the conception of the Science 
Centre, that the work of such a library is comple- 
mentary to that of the Department’s Intelligence 
Division and the information services which it pro- 
vides. Furthermore, it was contemplated that the 
new library should be the centre of a regional loans 
system, based on selected municipal libraries, which 
would be expected to stock and lend the three 
hundred or so periodicals that are most used by 
scientists and technologists ; although much of the 
material needed by the new library would come from 
the existing collections in the Science Library at 
South Kensington, after providing for the needs of 
the Kensington museums and of the Imperial College 
of Science and Technology. It was also already 








proposed, in the interests of security, to place the 
new library outside London, preferably within easy 
access of the industrial areas of the North and the 
Midlands, for which it would, to a limited extent, 
also serve as a scientific reference library. 

These proposals were made against the back- 
ground of the scheme for a Science Centre and for a 
national reference library in science and technology, 
in which both the Patent Office library and the 
British Museum, as well as the libraries of the learned 
societies, had their parts to play. The proposals are 
not entirely consistent ; but although, to a limited 
extent, they are reflected in Dr. Urquhart’s proposals, 
he does little to clarify their inconsistencies. On the 
other hand, the absence of any reference to either 
the Science Centre or to a national reference library 
suggests that the Department has been instructed to 
plan the new lending library without regard to either. 
Once again it would seem that, where science and 
technology are concerned, the Government is penny 
wise, pound foolish ; the major economies of national 
resources inherent in the adoption of a compre- 
hensive scheme at the start have evidently not been 
appreciated. 

These possibilities can be considered, however, in 
relation to particular aspects of the proposals out- 
lined by Dr. Urquhart, who is perfectly well aware 
that a national lending library for science and tecli- 
nology can be neither planned nor operated in 
isolation without great waste of valuable assets. He 
visualizes that the new library will assist the wide 
range of small information services in direct contact 
with specialists in their field which has been developed 
in the United Kingdom by helping them to obtain 
literature they need. He suggests that ultimately it 
might be the natural way of filling gaps in the coverage 
of the existing abstracting services. 

For the present, it is only sought to create a 
lending library which will assist the existing informa- 
tion services and the users of scientific literature. It 
is not intended that the collections in the new library 
should be limited to those fields of pure and applied 
science in which the Department of Scientific and 
Industrial Research is interested. The fundamental 
responsibility of the new library is to organize and 
promote a lending service for the whole field of pure 
and applied science; though in some fields, par- 
ticularly medicine, the collections will be limited. 
But it is not yet clear how far the library will be 
concerned with that part of the social sciences for 
which the Department and the Medical Research 
Council are jointly responsible. 

Dr. Urquhart is attempting to plan a library which, 
if possible, will meet the needs of the next hundred 
years, and he is particularly anxious to have assistance 
in forecasting the volume of literature which the 
library will receive when it begins to work normally. 
His own estimate is that, to obtain a comprehensive 
collection, the annual input into the Science Library 
of 10,000 volumes should be doubled. Merely to cater 
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for literature which is abstracted would involve a 
40-60 per cent increase in the input. Furthermore, 
the demand on the lending service already provided 
by the Science Library has been growing more 
rapidly than any other phase of the Library’s work, 
and Dr. Urquhart refers to factors, such as the 
expansion of technological education, which could 
well increase that demand. 

One reason for planning and providing a national 
library service in science and technology is to meet 
the requirements of such an expansion, and at the 
same time facilitate the dissemination and application 
of scientific and technical knowledge. Any such 
service must be able to meet also the linguistic 
problems which the growth of scientific activity in 
the world as a whole may involve. These are problems 
which the new organization must be designed and 
staffed to meet, and already ideas are being examined 
which may assist in solving such problems. 

These do not appear to be the primary problems 
requiring decision. The real difficulties are seen in 
Dr. Urquhart’s remarks on starting the new library. 
He is careful to point out that no specific solution has 
yet been decided ; but it is difficult to see how it is 
possible for the Science Library at South Kensington 
to form the nucleus of a new lending library for 
science and technology outside the London area while 
still meeting the needs of the growing Imperial 
College of Science and Technology, quite apart from 
those of the national museums in the same area. 
Even if, for example, the new library were to be 
made comprehensive only from some recent date 
such as 1950, as he suggests, that, as his own figures 
indicate, is the very period on which postgraduate 
workers make most demand. It seems clear that half 
the existing stock of the Science Library, which he 
visualizes as ultimately to be transferred, will not 
dominantly consist of even post-1930 stock. 

Had the Science Centre scheme been developed, 
and with it the proposals for a National Reference 
Library in Science and Technology, there might have 
been no insuperable difficulty in meeting the needs of 
the Imperial College. As matters stand, it would seem 
that if the Science Library is to form the nucleus of a 
national lending library, the needs of the Imperial 
College must be met in some other way. If the only 
collections to be transferred to the new library are 
those for which there is only a limited demand, the 
cost of the new library will be needlessly increased. 

There is, however, another factor which Dr. 
Urquhart scarcely considers. Since it will certainly 
be necessary to purchase considerable runs of major 
scientific and technical periodicals to meet the needs 
of the new library, it might well be worth making 
such acquisitions in the form of microcards. Now 
that a cabinet of such cards occupying less than 
twelve cubic feet can contain upwards of a thousand 
volumes of periodicals, the saving of space in such 
an undertaking as that now being planned is enor- 
mous. Moreover, with the advent of a light portable 
reader, the industrial scientist who, as Dr. Urquhart 
notes, prefers to do his technical reading at home, 
can use the microcard for that purpose. 
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Greater progress has also been made in the pre- 
paration of normal size copies from microcards than 
Dr. Urquhart’s paper suggests, and the debates in 
Parliament gave some fairly firm assurance that the 
Royal Society’s ‘fair copying agreement’ has been 
written into the new Copyright Act. Rather more 
careful thought is also required in regard to co- 
operation with other libraries and organizations in 
maintaining comprehensive loan collections in par- 
ticular fields. This may well present much more 
difficulty than co-operation in the maintenance of 
reference collections and in giving access to such 
collections. It may be possible to work out some- 
thing on the lines of the Farrington Plan for the 
acquisition of foreign literature and its distribution 
by subjects between American libraries devised in 
the United States, and no doubt such schemes 
will be carefully studied by Dr. Urquhart and his 
colleagues. 

In considering the possible location of the new 
library, postal considerations should be a secondary 
factor; though the mounting cost of postal com. 
munications might well have a very adverse effect 
on the use made of new lending facilities, unless 
microcards or photo-copies are generally adopted for 
such purposes. 

Location of the library in proximity to large 
numbers of users is a much more important con- 
sideration, and here is apparent the weakness of 
proceeding to plan such a development in the absence 
of a properly thought-out national and regional 
organization. Dr. Urquhart appears to have in mind 
provision of a reference, as well as a lending, service. 
That implies duplication of certain stock, for a 
reference library cannot function satisfactorily unless 
the user is sure that a visit to the library will enable 
him to consult the document he requires at any time. 
How far it is necessary or desirable for the new 
library to act also as a reference library cannot well 
be judged until we know, for example, what are the 
prospects of such a reference service being provided 
on the basis of such large municipal library systems 
as those of Liverpool, Leeds, Manchester or Bir- 
mingham. 

Dr. Urquhart has already been challenged on the 
need for such a regional survey, and claimed in 
reply that an analysis has been made of existing 
library facilities and the extent to which existing 
libraries are meeting their obligation. The survey 
does not appear to have been published, nor did Dr. 
Urquhart indicate in his recent lecture how extensive 
was the analysis to which he referred. Furthermore, 
it is only on the basis of a detailed survey that we 
can judge how far it might be to the national 
advantage to develop, for example, the technical 
library at Manchester to serve as a reference library 
for the North-West, those at Leeds or Newcastle 
upon Tyne for the North-East, and that at Birming- 
ham for the Midlands. If the Government is prepared 
to make generous grants for such purposes, the 
reference needs might well be met at much less cost 
without needing to develop a reference side at all for 
the new lending library, and the difficulties that 
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ariso in attempting to serve both purposes from one 
stock, unless that is at least duplicated, would then 
be avoided. 

Brief reference is made by Dr. Urquhart to the 
possibilities of introducing new techniques. He 
recognizes that there are great opportunities of 
economy in space and in accelerating service through 
the adoption of methods which microphotography 
and computers have made possible. He is rightly 
anxious that the new library should not only be a 
library of science and technology but also a scientific 
library staffed by those competent to apply the new 
techniques and able to give the scientist or tech- 
nologist the service he needs. The suggestions that 
readerships should be created and laboratories pro- 
vided for developing suitable techniques for handling 
the growing volume of information are sensible and 
worth exploring. 

The essential problems to which Dr. Urquhart is 
seeking answers at the moment, however, are not 
merely those of ensuring that the design and staff of 
the new organization will be such that full advantage 
can be taken of future technical developments. If 
the new library is to tackle present problems 
realistically, let alone future problems, its functions 
must first be clearly defined in terms that will 
command the support of the scientist and the tech- 
nologist, of industry as well as of the library world. 
Its relationship to the library system of Britain must 
be determined no less realistically and acceptably ; 
and, following that, the future demand on the new 
library must be estimated reasonably enough to 
secure agreement as to the stocks it should hold, its 
location and equipment and also its size. As he 
suggests, these are probiems to which scientists, 
libvarians and administrators can make invaluable 
contributions, and on the extent to which such 
co-operation is forthcoming the adequacy and 
efficiency of the new library will largely depend. 
What must above all be remembered, however, is 
that the really decisive factors are those outside Dr. 
Urquhart’s control. 

There is no real alternative to the Science Centre 
and to the proposals which the Advisory Council on 
Scientific Policy endorsed more than five years ago. 
Already, however, some scientific societies have had 
to take independent action to meet their needs, and 
apart from the expenditure thus incurred it might 
well prove more difficult in future to secure the 
co-operation that would have been forthcoming so 
freely ten years ago. It is none the less important to 
press on the Government the weakness of such 
piecemeal projects and the inherent waste of precious 
resources they involve. Professional associations of 
scientists and technologists will no doubt respond to 
Dr. Urquhart’s appeal for co-operation, but never- 
theless they should press the importance of the larger 
scheme approved by the Advisory Council. Every 
possible means should be used to urge on the Govern- 
ment that it is only as part of a carefully planned 
and adequately financed national library system that 
the new lending library of science and technology 
can function efficiently. 
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ROCKS AND THE EARTH’S 
MAGNETIC FIELD 


Lectures on Rock Magnetism 

Being the Second Weizmann Memorial Lectures, 
December, 1954. By Prof. P. M. S. Blackett. Pp. 
iv+131. (Jerusalem: Weizmann Science Press of 
Israel; New York: Interscience Publishers, Ine. ; 
London: William Dawson and Sons, Ltd., 1956.) 
5 dollars. 


ROF. P. M. 8. BLACKETT’S interest in rock 

magnetism was, he says, aroused some years ago 
by @ paper showing the possibility of tracing back 
the history of the Earth’s magnetic field into a 
remote geological past by measurements of the 
magnetization of certain types of rocks. If there are 
datable rocks in which the present remanent magnet- 
ization can justifiably be assumed to be the same, at 
least in direction, as that acquired in the Earth’s 
field when they were first formed, then, in principle 
and with long and patient investigation, the course 
of change of direction of the Earth’s field in geo- 
logical time could be worked out. (The acquirement 
of magnetization would be by cooling in the ambient 
field through the Curie point, or by orientation of 
ferromagnetic particles on sedimentation.) This 
would clearly be of great interest in itself, and also 
of potential value in providing important additional 
information to guide theoretical investigations on 
the origin of the Earth’s magnetism. One of the 
most intriguing discoveries of recent years is that 
the magnetization of many rocks is reversed’, that 
is, it is in the opposite direction to the Earth’s field. 
This suggests that there may have been reversals in 
the direction of the Earth’s field in the course of its 
long history ; but before this startling possibility can 
be seriously entertained, the various other mechan- 
isms by which magnetization might be reversed must 
be thoroughly explored. A second possible applica- 
tion of studies of rock magnetism is in providing 
supplementary evidence as to the movement of land 
masses during geological time; for the orientation 
of the direction of magnetization of a rock in the 
vertical plane may be conditioned not by the latitude 
of the land mass now but by its latitude when the 
rock was formed. 

This book is based on a series of lectures given by 
the author some two years ago, but later material 
has been incorporated. It is, as Prof. Blackett says, 
“something of a mixed bag’’, but it gives a good 
impression of varied aspects of this relatively new 
borderline field. The opening chapter outlines the 
wider setting and some of the main theoretical 
principles. Illustrative experimental studies on rock 
magnetism by members of the author’s group and 
by others are then described. Recent results on land 
movements and results bearing on the reversal of the 
Earth’s field are summarized in two further chapters. 
A new and ingenious instrument for measurement of 
the remanence and other characteristics of feebly 
magnetic materials is described in one of the 
appendixes. 

The author almost forestalls criticism by the 
modesty of the claims he makes for this book. It 
should be said, however, that it suffers from some ~ 
faults which may well have been removed by 
incidental commentary in the original lectures. Some 
of the diagrams, for example, are inadequately cap- 
tioned ; the geological knowledge assumed is con- 
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siderably greater than most physicists possess; and 
it may well be that most geologists would have 
welcomed a fuller discussion of some of the magnetic 
aspects of the work. It is almost impossible to 
refrain from directing attention to one of the graphs, 
which shows rather widely scattered points with a 
straight line drawn through them, and has the 
abscissa labelled ‘suspectibility’. 

One of the great difficulties in these studies is that 
the raw materials of the Earth’s crust, the frozen 
lavas, the conglomerated sediments, even when they 
fall into well-characterized types, are usually not 
well defined magnetically. The magnetic properties 
in which interest is centred are often dependent on 
the presence of minute fractions of ferromagnetic 
constituents, difficult even to identify with certainty, 
in states of aggregation in which the low field mag- 
netic behaviour is least well understood, and often 
far from stable chemically. 

It is partly for this reason that in some ways this 
book is disappointing, for the prospect of deriving 
from measurements of rock magnetism the history of 
the Earth’s magnetic field seems more remote than 
when the extensive work started. Much more must 
be known about the awkward recording instruments, 
the rocks themselves, before reliable conclusions can 
be drawn from their indications; ignotum per 
ignotius perhaps aptly summarizes the present 
positions in regard to the larger questions. The 
author is undaunted. Here is an extremely important 
problem, he says in effect, calling for the concerted 
efforts of many physicists and chemists, and of 
geologists from all over the world. His boundless 
enthusiasm can be admired and envied, even by 
those who, in connexion with this particular field, 
cannot fully share it. The field, however, is one 
which abounds in novelty and in which there is great 
scope for further work; and to those already con- 
cerned with the field, or hovering on the edge of it, 
Blackett’s book will undoubtedly provide stimulus 
and inspiration. E. C. STONER 


RESEARCH PROBLEMS IN 
BIOCHEMISTRY 


Essays in Biochemistry 

Edited by Samuel Graff. Pp. x+3465. 
John Wiley and Sons, Inec.; London: 
and Hall, Ltd., 1956.) 52s. net. 


HESE twenty-five essays were written as a 

tribute to Prof. Hans T. Clarke on his retirement 
from the chair of biochemistry in the College of 
Physicians and Surgeons, Columbia University. The 
authors, who are all former students or colleagues of 
Prof. Clarke, were given a free hand by the editor, 
and some of them have taken advantage of this and 
have written in a freely speculative vein. Such 
writing tends to be discouraged by the more serious 
scientific journals and it is good, therefore, that this 
opportunity has been taken of thinking aloud about 
the possible future of some research problems. The 
essays include such titles as “The Very Big and the 
Very Small” (E. Chargaff), “On the Nature of 
Cancer” (S. Graff), “On the Bigness of Enzymes” 
(D. Rittenberg), ‘“Unbalanced Growth and Death” 
(S. S. Cohen). There is a specially interesting account 
of glycogen turnover by D. and M. R. Stetten. They 
gave doses of glucose, uniformly labelled with radio- 
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active carbon, to rats and rabbits, and then studicd 
the distribution of the isotope in the glycogen of thie 


body after different periods of time. ‘he glycogon 
molecule is depicted as a branched structure like a 
tree, in which the branches keep dividing into two as 
they grow out from the centre. By exposure of tlie 
glycogen alternately to one or other of two suitable 
enzymes, it was possible to remove successive peri- 
pheral layers of the molecule and break it down much 
as an onion might be peeled. It then turned out 
that the radioactivity was not uniformly distributed 
throughout the molecule but was, at first, greatest 
at the periphery. The results showed that the 
glycogen molecule, in acting as a glucose reservoir in 
the body, is not broken down and built up as a whole 
molecule, but that branches are added on or lopped 
off at the outside. 

In a theoretical discussion of asymmetric reactions, 
H. Hirschmann puts forward a simple criterion for 
deciding whether, in a given case, one of two identical 
groups in a molecule can take part selectively in a 
reaction. This discussion starts off from the sug- 
gestion of A. G. Ogston of the possible consequences 
of three-point attachment of a substance to iis 
enzyme, a suggestion which, though published only 
as @ short letter (Nature, 162, 963; 1948), not only 
succeeded in reinstating citric acid in the tricarb- 
oxylic cycle of biological oxidation, but also had a 
considerable influence on the theory of asymmetric 
reactions in general. 

Other essays deal with the development of a sub- 
stitute for plasma protein (M. and M. R. Bovarnick), 
steroid hormones (L. L. Engel), bacterial virusvs 
(E. A. Evans), peptide synthesis (J. S. Fruton), 
porphyrin synthesis (D. Shemin) and the determina- 
tion of protein structure (W. H. Stein). In the con- 


cluding essay, S. Zamenhof deals with the nature of 


the transforming principle which, when added to 
Haemophilus influenzae, brings about persistent 
changes in the organism. This principle (which is 
almost certainly a form, or forms, of deoxyribonucleic 
acid) is taken up by the bacterial cell and then 
produces changes in it such as might arise naturally 
by spontaneous mutation. 

It could scarcely be expected that all the essays 
would reach the high level of some of those men- 
tioned, or that everyone would wish to read right 
through the book; but there is sufficient variety 
among these essays to make them interesting to 
every biochemist. D. C. Harrison 


ADVANCES IN PLANT 
PHYSIOLOGY 


Annual Review of Plant Physiology 
Edited by Lawrence R. Blinks, in association with 
Leonard Machlis and John G. Torrey. Vol. 7. Pp. 


viii+456. (Palo Alto, Calif.: Annual Reviews, Inc., 
1956.) 7 dollars. 
HIS “Annual Review” contains seventeen 


articles ranging widely, as in previous years, 
over the field of plant physiology. Problems of 
metabolism are reviewed in accounts of energy 
transformations in photosynthesis by L. M. N. 
Duysens, nitrogen fixation by photosynthetic organ- 
isms by G. E. Fogg, the mechanisms of uptake and 
transport of mineral nutrients by E. Epstein, phos- 























79 


died 
q the 
ogen 
ke a 
vO as 
r the 
babie 
peri- 
nuch 
out 
uted 
atest 

the 
ir in 
vhole 


pped 


ions, 
1 for 
tical 
in a 
sug- 
mces 
» its 
only 
only 
rarb- 
ad a 
etric 


sub- 
ick )» 
fuses 
ton), 
ina- 
con- 
re of 
1 to 
stent 
th is 
cleic 
then 
rally 


says 
men- 
right 
riety 
y to 
DN 


with 
Pp. 
[ne., 


teen 
ars, 
3 of 
orgy 

N. 
yan- 
and 
hos- 





Sieg oe 








th MS 


PIERS Oia OAREDDE 


Tis alteewnntcalensarn, 


TAS Shh se NN BRO TE IR iy bmB a Set te 


Pt ada Ps 











March 2, 1957 


phorus metabolism and photosynthesis by D. I. 
Arnon, mechanisms of carbohydrate breakdown by 
B. Axelrod and H. Beevers, and iron chlorosis by 
J. C. Brown. An account of our present know- 
ledge of plant proteins is contributed by C. E. 
Danielsen. 

In the space available it is not possible to deal 
with the contents of these individual reviews, but 
perhaps that of Axelrod and Beevers deserves special 
mention as it contains an account of the evidence, 
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mostly very recent, for the existence in plants of 


what is known by a variety of terms such as the 
pentose phosphate pathway, the hexosemonophos- 
phate shunt, the oxidative glycolysis pathway and 
the phosphoglutonate shunt. These terms all refer 
to the sequence of reactions, recognized in animai 
tissues twenty years ago, in which 6-phospho- 
glutonate, produced by the oxidation of glucose-6- 
phosphate, is subject to decarboxylation with tho 
evolution of carbon dioxide and the formation of a 
pentose (ribose) phosphate. A series of transforma- 
tions leads to the re-formation of hexose phosphate, 
tive molecules being re-formed for every six involved 
in the initial oxidation and six molecules of carbon 
dioxide being evolved for every molecule of hexose 
lost in the cycle. The pentose shunt thus provides a 
pathway for the production of carbon dioxide from 
hexose alternative to the well-known glycolytic 
pathway of the Embden—Meyerhof theory. 


A number of reviews deal with the physiology of 


germination and growth. Among the latter, E. 
Binning considers the obscure and difficult subject 
of endogenous rhythms in plants, and P. F. Wareing 
the somewhat neglected subject of photoperiodism 
in woody plants. The physiology of cell division is 
reviewed by H. Stern and that of root elongation by 
J. G. Torrey. J. van Overbeek deals with the 
absorption and translocation of plant regulators. 
E. H. Toole, S. B. Hendricks, H. A. Borthwick and 
Vivian K. Toole report on recent work on seed 
germination, including the striking results obtained 
recently on the photo-reactions controlling the 
germination of light-sensitive seeds. It is interesting 
to read this review in conjunction with that by E. C. 
Wassink and J. A. J. Stolwijk on the effect of light 
quality on plant growth. 

Other reviews in this volume are on obligate 
parasitism by C. E. Yarwood and biological relations 
of plant viruses by C. W. Bennett. The final article 
in the review is an account of recent advances in 
plant physiology in the U.S.S.R. by A. L. Kursanov, 
of the Timiriazev Institute of Plant Physiology in 
Moscow. The researches summarized in this article 
cover a wide field, and the literature list consists of 
four hundred citations. This summary, though brief, 
should prove useful to many readers not having 
casy access to the original publications. 

With this volume the editorship has passed from 
Dr. D. I. Arnon to Dr. L. R. Blinks; but we are 
told that the planning of the volume was largely the 
work of its previous editor. The thanks of plant 
physiologists are due to the contributors to this 
volume and particularly to Dr. Arnon for the leading 
part he has taken in establishing the ‘““Annual Review 
of Plant Physiology” as a periodical essential to all 
those who wish to keep abreast with the developments 
in this sphere. To Dr. Blinks and his editorial col- 
leagues the present writer wishes every success for 
the future of the ‘Annual Review’’. 

WALTER STILES 
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PHYSICS AND PHILOSOPHY 


The Language of Modern Physics 

An Introduction to the Philosophy of Science. By 
Ernest H. Hutten. Pp. 275. (London: George 
Allen and Unwin, Ltd. ; New York: The Macmillan 
Company, 1956.) 21s. net. 


N the course of this book Dr. Hutten observes with 
some truth that it is notorious that scientists find 
very little resemblance between scientific method as 
it is described in books on the philosophy of science, 
and the methods that scientists believe themselves to 
follow. The chief merit, and it is a considerable one, 
of Hutten’s own discussion is that he pays close 
attention to the empirical data of this science, and 
hence is able to state with some clarity the theoretical 
and conceptual ditficulties to which these data give 
rise. He adopts the seusible method of first stating 
the logical and philosophical concepts which he takes 
to be relevant to such an inquiry, and then employs 
them to give an analysis of classical physics, 
relativity, thermodynamics, and quantum physics. 
The final chapter consists of a general account of 
scientific method which is based on the preceding 
discussion of various types of theory. 

This approach enables Hutten to illustrate the 
nature of problems in physics, and to give an illum- 
inating account of the ways in which they are solved. 
He treats this science not as a corpus of ascertained 
facts and theories, but as a continually growing body 
of knowledge, no part of which is more than highly 
probable, and the whole of which is capable of 
fundamental revision. This seems to be the right way 
to conceive of physics, or any other natural science, 
and on this ground I think that the book deserves 
to be commended to all who wish to reflect upon, or 
to inform themselves about, the nature of physical 
theory. 

However, some criticisms need to be made. I do 
not think that a book which confines itself to prob- 
lems of physical theory should be described, as this 
is, as an introduction to the philosophy of science. 
Admittedly physics is, by general consent, the most 
developed of all natural sciences, so that a study of 
its methods and principles will inevitably throw some 
light on all other sciences and putative sciences. But 
by confining himself to physics, Hutten has ruled out 
many important problems that should at least be 
mentioned in an introduction to the philosophy of 
science, for example, the questions that are raised 
by boundary disputes between the sciences, and the 
conceptual difficulties which arise in sciences other 
than physics, such as biology. 

The logical categories in terms of which Hutten 
analyses the theories of physics are mainly derived 
from the work of Carnap. Fundamental to this 
scheme is the sharp distinction between issues that 
are factual (‘semantic’) and logical (‘syntactic’). 
Unfortunately, Hutten uses the word ‘semantic’ in 
two quite different senses which he does not dis- 
tinguish, thereby infringing the standards of 
linguistic precision which he himself lays down. 
Usually he employs the word to make the contrast 
just mentioned, but sometimes, for example, on 
pp. 142 and 57, it is used as che name for this whole 
method of analysing scientific knowledge. This in 
itself is more controversial than Hutten’s employ- 
ment of it suggests. Few logicians would agree that 
the symbols the relations of which they investigate 
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are ‘‘merely shapes or marks on paper” (p. 17), and 
it is also debatable whether the choice of a language 
system involves no assumptions about the nature of 
facts (p. 244). 

There is an index, but no bibliography, which 
would be useful in a book of this sort. On p. 255 
there is a misprint: ‘than’ should read ‘that’. 

C. K. Grant 


THE STUDY OF PLASTICITY IN 
RUSSIA 


Plasticité (Déformations Elastico-plastiques) 

Par A.-A. Tliouchine. (Traduit du Russe par A. 
Popoff et P. Thomé.) Pp. v+376. (Paris: Editions 
Eyrolles, 1956.) 5520 francs. 


‘ROM just before the First World War, and for 

about a decade thereafter, work on the mathe- 
matical theory of plasticity was confined almost 
entirely to Germany. In about 1933 the centre of 
interest shifted, apparently, to the United Kingdom, 
and then to the United States, work ceasing almost 
entirely in Germany with the scattering of the 
German mathematicians. Some of these mathe- 
maticians, notably Prager (who has done much to 
publicize Russian work in the field), have now settled 
in the United States, and have made notable con- 
tributions to plasticity. From the early ‘thirties, 
then, until after the Second World War, the number 
of papers published on mathematical theory declined, 
although interest grew slowly in the structural 
engineering application of plasticity, culminating in 
England in Baker’s work leading to a plastic design 
method for steel-framed structures. 

In fact, it is now clear that Russian work on 
plasticity started about 1934, using the German 
work as foundation. Being published in Russian, 
these pre-war papers went almost unnoticed; to 
give one example, as early as 1938 Belyaev and 
Sinitsky published an important solution of the gun 
barrel problem. After the Second World War, 
Russian papers, sometimes in summary form, began 
to reach the outside world again, and the name of 
Ilyushin appears first in the early ’forties, with dis- 
cussions on the bending of plates and shells. (Two 
chapters of the present book are devoted to this 
topic.) Ilyushin really comes out fighting in 1949 ; 
in that year he addressed the Academy of Sciences 
of the U.S.S.R., both surveying the field of plasticity 
and attacking severely (and apparently justifiably) 
certain critics, among whom a certain Kuznetsov 
must still be smarting from the cry: “There are 
experts on the physics of solids in cities other 
than Tomsk’. But, apart from the polemic, this 
address of Ilyushin makes clear the distinction 
between ‘physical’ and ‘technical’ plasticity. The 
physicist starts from a single metal crystal, and hopes 
eventually to derive the laws governing plastic 
deformation of the metal as a whole. The engineer 
starts from the laws of deformation, and hopes to 
solve certain structural problems. Ideally the 


physically derived laws should come first ; in prac- 
tice, the mathematical theory of plasticity has to be 
founded on empirical laws, and the laws checked and 
modified by experiment. 

Mathematical plasticity can thus be attacked from 
two quarters: by the physicists, who claim that a 
technical science not founded on the findings of 
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physics must be invalid; and by the mathe. 
maticians, who are dissatisfied with the empirical 
nature of the subject. In fact, Ilyushin himself, and 
the Russian workers in general, appear to have a 
very balanced view of the accuracy and matic. 
matical exactness required. For most practical 
problems, a solution within 10 per cent of the true 
value is the most that is needed, or indeed the most 
that can be expected from an experiment. Thus a 
law of plastic deformation is acceptable if experi- 
mental results designed to check the law agree 
within 10 per cent. The law itself must not lead, of 
course, to mathematical absurdities. 

The present book was first published in Russian in 
1948, and the first chapter contains a critical ex- 
position of most of the fundamental empirical laws 
for small deformations developed up to that date. 
Ilyushin, following Prager, shows that all these laws 
may be reduced to scalar relations between the 
invariants of the stress and strain tensors, and that 
further, all these relations coincide in one simple 
equation, which cannot be in error by more than 
7 per cent. Particularly valuable is the large number 
of experimental results which are collected and 
presented graphically. In the second chapter the 
theory of the plastic potential is developed, and there 
is some discussion of the minimum work principle, 
of proportional loading, and of unloading. These 
two chapters comprise about one-third of the book, 
and the results derived are applied in subsequent 
chapters to specific problems. 

The flexure of a prismatic bar, and the Engesser 
Karman stability solution for a bar under axial 
loading are discussed in Chapter 3. In the same 
chapter results are presented for the torsion of a 
circular cylinder, for a sphere under internal pressure, 
and for symmetrical deformations of thick tubes. In 
Chapter 4 is developed an extensive theory fer plates 
and shells, and solutions to a number of problems on 
rectangular and circular plates are given. Sym- 
metrical deformations (without bending) of shells of 
revolution are considered, of which tube drawing and 
extrusion are given as special cases, and cylindrical 
tubes (with bending) are considered under various 
loading conditions. The stability solutions for plates 
and shells derived in Chapter 5 are interpreted 
numerically (for a mild steel) for the following 
problems: axially loaded column (Chapter 3), wide 
plate with two ends simply supported, narrow rect- 
angular plate simply supported on the edges and 
compressed in the long direction, square plate simply 
supported and compressed in one direction, and 
cylindrical tube under axial compression and lateral 
pressure. Results are also given (stable solutions) for 
the encastred circular plate under lateral pressure 
and the tube without axial load. Chapters 6 and 7 
are short and deal respectively with indentation 
problems, and with dynamic problems including non- 
linear wave propagation. This latter treatment 
appears to be original. 

Comparison is inevitable between Ilyushin’s book 
and those of Hill (Oxford University Press, 1950), 
Prager and Hodge (Wiley, 1951) and Sokolovsky 
(Moscow, 1946; new edition, 1950). Ilyushin’s first 
two chapters are written with the utmost clarity, 
and anyone who masters these two chapters will be 
equipped to deal with any application of plastic 
theory. Ilyushin achieves this lucidity at the expense 
of covering less ground than Hill, and in places he is 
not so rigorous. The two chapters on plates and 
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shelis are of great interest, and these, with the intro- 
ductory chapters, form the bulk of the book. Both 
Hill and Prager and Hodge deal with a wider range 
of problems, but as an introductory text-book 
Ilyushin has great merits. Ilyushin uses tensors 
(without summation convention) and vectors through- 
out; Sokolovsky uses ‘engineering’ notation, and we 
may perhaps look forward to a translation of this 
more practical work on plasticity. 

Editions Eyrolles are to be congratulated on their 
high standard of printing and mathematical type 
setting. Jacques HEYMAN 
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INSECT PESTS OF NORTH 
AMERICA 


Insect Pests of Farm, Garden, and Orchard 
By Leonard Marion Peairs and Ralph Howard 
Davidson. Fifth edition. Pp ix+661. (New York : 


John Wiley and Sons, Inc.; London: Chapman and , 


Hall, Ltd., 1956.) 68s. net. 


HIS is the fifth edition of a book first published 
in 1912, and originally written by E. Dwight 
Sanderson. The fourth edition, in 1941, was revised 
by L. M. Peairs. Although Dr. Peairs’s name appears 
here as the senior author, his illness and death 
prevented him from taking an active part in the 
latest revision, for which R. H. Davidson, of Ohio 
State University, is responsible. The new edition is 
largely rewritten, various pest insects are included 
for the first time, and much new information on 
insecticides and control measures has been included. 
This book is intended primarily for students 
attending college courses in economic entomology. 
The first fifty pages deal with insect morphology, 
physiology, development and systematics. This is 
intended to serve readers with little previous training 
in general zoology and entomology. Though this 
introduction is well written, and could serve as a 
useful revision for those who may have been out of 
touch with the subject for a time, it seems @ very 
inadequate substitute for a proper grounding in 
zoology and entomology, which is surely necessary 
for anyone making a career in agricultural entomology. 
Some seventy pages are devoted to a general dis- 
cussion of insect control by natural, biological and 
chemical means. A lot of useful information has 
been compressed into a small space. The chapters 
on insecticides and their use are up to date at the 
time of publication, but new work will almost cer- 
tainly make the recommendations obsolete in @ very 
few years. It is perhaps unwise to include such 
information in @ text-book, particularly one like this 
which is expensive and may be kept by its purchaser 
for many years. 

The bulk of the volume (some 540 pages) deals 
with insects which are injurious to crops, to stored 
products and to property; more briefly, there is 
some description of insects injurious to man and to 
domestic animals. Several hundred species are 
included. This means that, as a rule, the descriptions 
of the morphology are so brief as to be of little 
assistance in identification, and the accounts of the 
biology are far from adequate. The disadvantage of 
the sketchy descriptions would be less if the illus- 
trations were good. Unfortunately, they are not. 
There are no less than 577 figures, the majority of 
which are reproduced from publications of the 
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United States Department of Agriculture. Many are 
smudgy photographs of little value, others are tiny 
and indistinct line drawings which illustrate few of 
the relevant characteristics. 

The major criticism of this book is that it attempts 
the impossible. There are so many pest insects in 
North America that it is not practicable to deal 
adequately with their anatomy, life-history and 
control, together with various general problems, in 
one volume. This publication does at least give a 
list of the insects of importance to an agricultural 
entomologist in North America (the fauna of Europe 
is sufficiently different for this to be of little use in 
that continent) and it sometimes indicates where 
more adequate information may be sought. 

KENNETH MELLANBY 


BACTERIAL PHYSIOLOGY 


The Life of Bacteria 

Their Growth, Metabolism, and Relationships. By 
Prof. Kenneth V. Thimann. Pp. xviii +775. (New York 
and London: The Macmillan Company, 1955.) 65s. 


HIS book deals, as its sub-title indicates, with 

the physiology, anatomy and biochemistry of 
bacteria. It treats these subjects lucidly, and on the 
whole fairly, on generally conventional lines. The 
subject is rather a‘iractively introduced in the first 
chapter by a. historical introduction which should 
succeed in making students realize that the subject 
has been something of an adventure. Some of the 
more modern adventures are, however, passed over 
in silence. 

After the introduction there is an interesting and 
extremely well-illustrated section on the classification 
and structure of bacteria. Many readers in Britain 
at least will find the nomenclature a little unfor- 
tunate, and will not care much for B. coli and Bac. 
subtilis ; but this is a detail in a book full of inter- 
esting observations and comments. The author 
appears to accept rather readily the thesis that 
bacteria contain chromosomes. 

The descriptive and experimental parts are in general 
excellent, but in questions which involve physico- 
chemical principles the author sometimes seems a 
little out of his element. In Chapter 4, for example, 
there is a serious confusion between rate and equi- 
librium constant. The ‘heat of reaction’ is certainly 
not the parameter which determines the change of rate 
constant with temperature. 

In a more subtle way the discussion of the approx- 
imately logarithmic law of population decline is 
inadequate. The author states that departures from 
the law are explained by varying sensitivity of dif- 
ferent individual cells. The main problem is, how- 
ever, not why there are departures from the law, 
but why the law is ever nearly true at all. This section 
also illustrates a failing of an otherwise good book, 
namely, that the reader may not infrequently be led 
to suppose that highly complex and controversial 
matters are in fact much simpler than they are. 

The biochemistry of bacteria is fully dealt with, 
and there are good accounts of oxidation and of 
carbohydrate metabolism and of nitrogen fixation. 
Probably the biochemical section, which is the largest 
part of the book, is the most judicious and balanced. 

The last 150 pages deal with growth and synthesis. 
The present book has the advantage over many 
works on bacteria that the enormous mass of intricate 
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and fascinating phenomena which occur in these 
processes is made evident. Most of the main fields 
of work are touched upon and there are plenty of 
interesting comments; though some attempt at a 
more coherent general treatment would have been 
welcome, and in some controversial matters perhaps 
a slightly more impartial attitude might have been 
adopted. Perhaps the least satisfactory treatment is 
that of the phase of decline of cells and populations. 
All said and done, however, the book is a valuable 
addition to the library of anyone interested in the 
world of bacterial life. C. N. HinsHELwoop 


THEORY OF FLIGHT 
Wing Theory 


By Pro. A. Robinson and J. A. Laurmann. (Cam- 
bridge Aeronautical Series.) Pp. ix+569. (Cam- 
bridge: At the University Press, 1956.) 75s. net. 


NTIL the publication of the present book, no 

treatise on wing theory more recent than the 
work of Karman and Burgers, which was published 
in Durand’s “‘Aerodynamics Theory” in 1935, was 
available. Since then many important advances in 
subsonic wing theory have been made and nearly 
all supersonic wing theory has been developed, in 
association with the need to design wings for flight 
at and above the speed of sound. The range of wing 
shapes considered for use in aircraft has greatly 
extended in recent years: up to 1945 aeroplane 
wings were always of large span in relation to the 
chord, but during the 1940’s the use of sweepback 
for postponing the difficulties of flight near the speed 
of sound was evolved and the delta and related wing 
shapes were devised. This variety has led to a 
development of analysis suitable to deal with their 
special characteristics, and a collected account of 
these methods is welcome. 

The first chapter gives a summary of the mathe- 
matical analysis of the fundamental hydrodynamics 
which are used in the book. This is followed by a 
chapter on two-dimensional aerofoils in incom- 
pressible fluid flow, in which the linearized theory of 
thin aerofoils is treated by conjugate Fourier series, 
though possibly not in the most satisfactory way. 
Brief accounts of aerofoils in cascade and of the 
calculation of profile drag are given ; the latter does 
not include the improvements made already by 1950 
in the boundary layer analysis for drag calculations 
and it is a pity that this was not done. 

Chapter 3 gives an excellent account of three- 
dimensional wings at low speeds. The careful treat- 
ment of ‘leading edge suction’ in this chapter and 
elsewhere is very welcome. The methods used in 
lifting line theory are explained, but a table of 
coefficients for the application of Multhopp’s method 
might have been inserted. The theory of flow over 
compound lifting units such as wings with end-plates 
and over wings with finite aspect ratio is thorough, 
as might have been expected from the authors’ 
original contributions in this field. 

Chapter 4 is an extensive treatment (180 pages) of 
aerofoils in compressible flow. The governing equa- 
tions are derived and the hodograph and its appli- 
cation are explained. For the linearized theory of 
supersonic theory the account of Hadamard’s method 
using the finite part of an infinite integral is valuable, 
as the method is clearly described, which has not 
been done in a book on aerodynamics before. This 
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is followed by discussions of two-dimensional flow, 
source distribution methods, Robinson’s own meth: id 
of special co-ordinates, and conical flow; these 
sections reflect the authors’ special interest in this 
branch of the subject. The last chapter gives an 
account of aerofoils in unsteady motion both at 1. 
and at high speeds. 

The authors have done their work well and ha\e 
succeeded in their aim of presenting the most ini- 
portant methods and results of mathematical theory 
in a single volume. The book will become a standaid 
reference work and is a valuable addition to the 
literature of flight. H. B. Squire 
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THE NURSERY SCHOOL 


The Education of Young Children 
By D. E. M. Gardner. Pp. 118. (London: Methuen 
and Co., Ltd., 1956.) 7s. 6d. net. 


T could be claimed with much justification that no 

educational institution in Britain exemplifies 
sounder educational principles than the nursery 
school. A number of circumstances have placed the 
nursery school in a favourable position. Social 
demands are in many ways less insistent on young 
children than on their elders. They are not expected, 
for example, to learn ‘the three R’s’ as children in 
junior schools are, or to pass examinations, as are 
grammar school pupils. The children’s own needs 
are therefore more clearly recognized. Moreover, the 
special importance of the pre-school years has been 
emphasized by medical men and psychologists and the 
early years of development have been illuminated by 
a great deal of research. Nursery school teachers 
have been able to draw freely on the scientific study 
of children to refine their own professional arts. 

To such teachers Miss Gardner is an excellent 
guide, and it is for them her book is mainly written. 
An experienced observer and teacher of young 
children herself, her sensitive insight into children’s 
needs is made more acute and more penetrating by 
the use she makes of the findings of research, par- 
ticularly that of clinical psychologists. She uses 
psychology to illumine or confirm her own experience, 
and one of the best features of her little book is the 
fund of apt illustrations and instances, many of them 
charming and touching, which she adduces from 
her experience. There is little that is novel in the 
book, but the reader will find here a simple and sane 
account of the best educational theory and practice 
of nursery school education. The point of view might 
be described as ‘progressive’: the emphasis tends to 
be on children’s emotional needs and their social 
development ; but Miss Gardner makes the ‘activity 
versus formal’ controversies of recent years seem 
unreal and unprofitable. She sees children in the 
round, and some of her wisest advice is about the 
importance of intellectual achievement for children’s 
emotional development. Parents of children between 
the ages of two and five, as well as teachers, would 
find much sound advice, as well as appreciation, in 
this book. 

An appendix by Miss Gardner’s co-workers, on the 
home conditions of children on the waiting lists of 
nursery schools, provides striking evidence of the 
need of many children for the nursery schools that 
the present standstill policy is preventing from being 
built. R. A. C. OLIVER 
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Techniques in Blood Grouping 

By Ivor Dunsford and C. Christopher Bowley. Pp. 
xiv +250+6 plates. (Edinburgh and London: 
Oliver and Boyd, Ltd., 1955.) 21s. net. 


“HE leading position which Britain now holds in 
| the theoretical investigation of blood groups, 
and in the practical application of the results to 
blood transfusion, can be traced to many causes ; 
but on the personal side a large share of credit must 
be given to the late Dr. G. L. Taylor for the meticulous 
serological techniques upon which he insisted and 
which, albeit with many small modifications and 
improvements, form the main basis of the methods 
used in Britain to-day. Much of the burden of main- 
taining high serological standards is borne by the 
laboratories of the National Blood Transfusion 


Service, and prominent among these is that of 


Sheffield, the director and senior scientific officer of 
which have laid serologists and transfusion officers 
further under their debt by writing a detailed 
description of the methods used by them. 

After a preface by Dr. R. R. Race and an intro- 
duction by the authors, the book begins with a 
section of 86 pages on general principles. Here we 
are given as much of blood group theory as is neces- 
sary for the intelligent performance of grouping tests 
of all kinds, but the section has an essentially prac- 
tical bias. Much useful information is also given 
about the organization and running of a transfusion 
service. The second section, of 146 pages, describes 
in full detail eighty techniques used in the Sheffield 
laboratory, from the oldest and simplest to the most 
up-to-date and elaborate. It is almost impossible to 
learn blood grouping entirely from a book, but there 
can scarcely be another book which can so fully 
supplement the minimum necessary amount of basic 
training. The methods described are essentially 
those used throughout Britain and by many workers 
overseas who have been taught in Britain, but they 
are, so far as detail is concerned, the methods of one 
laboratory. There is not, for example, any insistence 
on the very small serum volumes of about 0-01 ml. 
per test now used as a routine in many laboratories. 
A final section of the book is a useful glossary of 
about six hundred terms. 

It would be easy to criticize the literary style, but 
the language is seldom ambiguous. The book can be 
strongly recommended to all practical blood group 
workers. A. E. Mourant 


Iron Ores of India 

By Dr. M. S. Krishnan. Pp. vii+175+6 plates. 
(Caleutta : Indian Association for the Cultivation of 
Science, 1955.) Rs. 5; 1.50 dollars; 10s. 6d. 


HIS interesting little book is based on three 

lectures delivered in 1953 by the Director of the 
Geological Survey of India in his capacity as Ripon 
professor of the Indian Association for the Cultivation 
of Science, the subjects being: (1) ancient Indian 
iron; (2) Indian deposits of iron-ores; (3) the 
modern iron and steel industry in India. In the book 
brief introductory sections have been added, dealing 
with the geochemistry of iron, its ores and their 
modes of origin. Dr. M. 8. Krishnan has obviously 
been fascinated by the history of iron and steel- 
making in prehistoric and ancient times, and many 
readers will find this part of his book of special 
interest. Iron is known to have been used in Egypt 
about 8,000 years ago. In India it has been worked 
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at least since Vedic times, say for about 3,800 years. 
The author describes remarkable examples of non- 
rusting iron which have been discovered in various 
parts of the country, ranging from the prehistoric 
implements and weapons of Madras to the celebrated 
Delhi Pillar. The latter consists of skilfully welded 
iron which is practically pure; it bears several 
inscriptions, all of which have successfully withstood 
exposure to weathering, and in the case of the oldest 
for well over 1,500 years. Although the crude 
smelting process then in use entailed enormous waste 
of ore, fuel and time, the resulting iron was pro- 
nounced by Sir Robert Hadfield to be of superior 
quality to anything of the kind that could be pro- 
duced commercially in 1925. 

Other readers will appreciate the short but well- 
documented account of the geology of Indian iron 
ores and their varied modes of origin. A good sum- 
mary is given of the many early attempts to begin a 
modern industry, starting from about 1774. As a 
result of various adverse circumstances, most of these 
enterprises were unable to compete successfully and 
their sole survivor in 1889 was the Bengal Iron 
Works. Since then, however, very considerable 
progress has been made, the significant details of 
which in the various districts concerned are fully 
recorded. The Tata Iron and Steel Co. was registered 
in 1907, and in 1952 it produced about two-thirds of 
India’s steel output of 1-2 million tons for that year. 
This rate of production is now being rapidly increased 
and, as India is generously endowed with large 
reserves of iron ore and of the chief raw materials 
for smelting, there are good grounds for the current 
expectation that within the next quarter of a century 
steel production in India will expand to between 15 
and 20 million tons per annum. 

ARTHUR HOLMES 


Hurricanes 

Their Nature and History, particularly those of the 
West Indies and the Southern Coasts of the United 
States. By Ivan Ray Tannehill. Ninth, revised 
edition. Pp. x+308. (Princeton, N.J.: Princeton 
University Press; London: Oxford University 
Press, 1956.) 36s. net. 


HE ninth edition of this well-known book, 

revised and extended to bring the chronological 
data complete up to October 1955, gives an excellent 
account of the phenomena of cyclones, their nature 
and the paths they follow. It would be a vain 
effort to try to summarize a book so full of well- 
authenticated facts. Rather would the present 
reviewer recommend anyone who is interested in 
tropical cyclones to read the book from cover to 
cover. 

Mr. I. R. Tannehill has spent twenty years in the 
United States Weather Bureau on hurricane warning 
work, and his familiarity with all aspects of the 
behaviour of hurricanes is made evident on every 
page of this book. The charts of paths followed by 
hurricanes are by far the most complete available 
in any book, while the description of damage 
done by individual hurricanes gives a vivid picture 
of the tremendous store of energy which they 
possess. 

This is a book to have on one’s bookshelves and 
one that should be read and re-read. The present 
reviewer found it fascinating from beginning to end. 
It has been produced in a manner fully worthy of 
the Princeton University Press. D. Brunt 








YTOLOGICAL studies of bacteria have provided 

some evidence of the existence of a rigid envelope 
surrounding the cytoplasm, which by analogy with 
similar structures in higher plants is called the cell 
wall. As a result of the investigations of Salton’ and 
his collaborators and of other workers, much informa- 
tion is available on the chemical composition of the 
bacterial cell wall. However, only isolated attempts 
have been made—confined chiefly to electron micro- 
scopy—to apply the parallel biophysical procedure 
for the elucidation of the structural interrelationships 
between the various substances present in the bacterial 
cell and in the cell wall. We* have shown recently 
that X-ray diffraction techniques can be used both 
on intact cells and on cell wall preparations of 
bacteria in spite of the opinion, quoted by Hurst’, 
that the thinness of the membranes in cell walls 
would render them unsuitable for X-ray diffraction 
studies. The purpose of this article is to describe 
further work on these lines. A more detailed account 
will be given elsewhere. 

Six cultures of bacteria were studied: Bacillus 
subtilis Marburg strain N.C.T.C. 3610, Bacillus 
megaterium strain KM, kindly supplied by Dr. 
M. R. J. Salton, Bacillus cereus and Bacillus alvei 
laboratory strains, kindly supplied by Mr. Wolf, 
Escherichia coli N.C.T.C. 5928, kindly supplied by 
Dr. 8. D. Dagley, and Proteus vulgaris, a laboratory 
strain kindly supplied by Dr. W. H. Hughes. 

For the X-ray diffraction studies, B. subtilis, B. 
megaterium, E. coli and P. vulgaris only were used. 
The cells, after harvesting, were thoroughly washed, 
dried in a vacuum desiccator, packed tightly into a 
0-5-mm. hole in the specimen holder of an X-ray 
spectrometer and exposed for 10-15 hr. to the X-ray 
beam (copper K,). The resulting powder diagrams 
of all four bacteria were on the whole fairly similar 
(Fig. 1a). 

Attention is directed to three major diffraction 
rings. The first is wide and somewhat diffuse with 
an intermolecular spacing of 4-4—4-6 A., varying with 
the organism. We ascribe this ring provisionally to 
proteins, though it might feasibly also include other 
substances. The two other rings, with spacings of 
3-8-3-9A. and 4-2A., respectively, can be more 
specifically referred to lipids, as lipids commonly 
contain molecular planes with spacings of 3-73 A. 
and 4-13 A. In the case of EZ. coli we provided con- 
fiimation regarding the lipid nature of these rings 
(Fig. 1b, see below). A greater intensity of these 
lipid rings was noted in the two Gram-negative 
bacteria, EH. coli and P. vulgaris, as compared with 
the Gram-positive. From this we infer that the per- 
centage of lipids may be greater in Gram-negative 
than in Gram-positive bacteria. Salton! came to 


* Present address: The Grassland Research Institute, Hurley, near 
Maidenhead, Berke. 
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(a) (6) 


Fig. 1. (a) X-ray diffraction powder diagram of dried preparations 

of intact cells of EZ. coli. Note the broad halo at 4-4-4-6A. 

with the two narrow rings at 4:2A. and 3:8A.; (6) X-ray 

diffraction powder diagram of dried cell wall preparations of E. 

coli after extraction with pyridine. Note that the two rings at 
4-2 A. and 3-8 A. are missing 


similar conclusions as a result of his biochemical 
investigations of bacterial cell walls. 

Salton! has shown that lipids occur in the cell wall 
of bacteria. It is therefore important to determine 
whether the cell wall is the site of the crystalline 
lipids shown in our X-ray diagrams and, if so, 
whether these lipids are preferentially orientated. 
Such a demonstration of orientation, even in intact 
cells, would itself indicate the presence of these 
crystalline lipids in or near the cell wall. 

In order to detect orientation, a thick suspension 
of well-washed, intact bacterial cells of each of the 
four cultures was pressed between two glass plates 
(thinly coated with ‘Formvar’) in a book press and 
allowed to dry there for 8-11 days. The ‘Formvav’ 
film was then cut into strips of about 1 mm. width 
and 4-5 mm. length and the strips were piled one on 
another. The resulting bundle was exposed for 25 hr. 
to an X-ray beam directed parallel to the flat faces 
of the strips, that is, to the flattened longitudinal 
surfaces of the bacteria. In the resulting photo- 
graphs the planes of spacing 4-4—4-6 A. corresponding 
to proteins show no orientation, but the ring at 
3-9A. is replaced by two arcs lying along the 
meridian. As this ring lies outside the diffuse 
4-4-4-6A. ring it is better reproduced than the 
inner ring at 4-2 A., which, however, can also be seen 
often to be similarly oriented. Since the molecular 
planes of these spacings in lipids lie parallel to the 
hydrocarbon chains, it follows that in these flattened 
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bacteria these chains lie normal to the surface. This 
furnishes strong presumptive evidence that the lipids 
concerned lie in or near the cell wall. Meridional 
orientation of the lipid rings was observed in all 
cultures, the ares being often sharper in the Gram- 
positive than the Gram-negative bacteria. 

In order to obtain information on structural inter- 
relationships of various substances in the cell wall 
itself, preparations were made of cell wall material of 
B. subtilis and EH. coli by the method described by 
Salton and Horne‘ with some slight modifications. 
Relative freedom from electron-dense cytoplasmic 
material was checked by electron microscopy. X-ray 
diagrams of walls of B. subtilis were essentially the 
same as those of the intact cells, but in the case of 
E. coli the 4-2 A. lipid ring was far more prominent 
(Fig. 2). On extraction of the cell wall material with 
pyridine the ring disappeared completely (Fig. 1b). 
This furnishes clear evidence that the cell wall-of 
E. coli contains crystalline lipids, at least in the dried 
preparations. Further, ‘Formvar’ strips were pre- 
pared from Z. coh cell wall suspensions on glass 
plates, pressed and irradiated as described for intact 
cells. A representative orientation diagram is shown 
in Fig. 3. The length of the ‘Formvar’ strips lies 
parallel to the longer edge of the page and, clearly, 
the lipids are represented by arcs along the meridian 
only. The diagram presented in Fig. 3 yields also 
evidence concerning the chain length of the lipid. 
This will be discussed elsewhere. 

From this we may conclude that, at least in the 
case of £. coli, and most probably also with other 
bacteria, the crystalline lipids are situated in the cell 
wall and the hydrocarbon chains lie normal to the 
cell surface. This is further supported by the fact 
that the width of the diffraction lines of the lipid 
rings in E£. coli can be taken to indicate that the 
crystalline regions are at least 200 A. wide. Con- 
sidering that, as stated by Salton!, the cell walls of 
£. coli are not more than 100 A. thick, the implication 
is that the lipid chains lie at right angles to the cell 
surface forming one lamella or more, completely 
enveloping that part of the bacterium which lies 
within. 

This confirms by direct observation the suggestion 
of Hurst* that in Z. coli the lipid chains lie normal 
to the cell surface. He based these conclusions on 
electron diffraction pictures of intact cells of E. coli 





Fig. 2. X-ray diffraction powder diagram of dried cell wall 
preparations of E. coli 
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Fig. 3. X-ray diffraction orientation diagram of dried and pressed 
cell wall preparations of E. coli 


by correlating the degree of cell flattening with the 
sharpening of the diffraction pattern. Though we do 
not feel that these correlations are necessarily sig- 
nificant, his final conclusions fit in with our 
observations. 

Concerning the location of such a lamella in the 
wall, we cannot be precise. Measurements of the 
zeta potentials of HZ. coli by Davies, Hayden and 
Rideal® indicate that the external surface of these 
cells consists of a polysaccharide which these authors 
claim is an arabate, though Salton! reports the 
presence of glucose and galactose only in the hydro- 
lytic products of cell walls of H. coli. If this is so, 
then the lipid layer must lie internally to this poly- 
saccharide layer. It does not reveal itself by any 
marked birefringence under the polarizing micro- 
scope. In dry mounts of well-washed cells of all six 
bacterial cultures the surfaces show, to varying 
degrees, the phenomena associated with birefringence. 
These disappear almost completely, however, when 
any liquid (polar or non-polar) which we have tried 
is added. It seems likely that the phenomena 
observed in dry mounts are due to reflexion depolar- 
ization and that the layer in question is too tenuous 
to be observed through its intrinsic birefringence. 
On the other hand, spores of B. cereus and B. alvei 
show true birefringence of a kind suggesting the 
presence of a second, non-lipid orientated layer in 
bacterial surfaces. 

In the course of this work it became apparent that 
the polarizing microscope greatly facilitates the 
observation of non-stained preparations of bacteria 
as compared with an ordinary optical microscope at 
the same magnification. 

We wish to thank the Medical Research Council 
and the Royal Society for grants which made this 
research possible. Grateful acknowledgment is made 
of the most valuable collaboration of Mr. G. W. 
Ripley, especially with the observations under the 
electron microscope, and of the technical assistance 
by Mr. B. Windsor. 


' Salton, M. R. J.,in “Bacterial Anatomy” Symp. Soc. Gen. Microbiol., 
6, 81 (1956). 

* Grossbard, Erna, and Preston, R. D., J. Gen. Microbiol., 15, 12 (1956). 

* Hurst, H. J., Exp. Biol., 29, 30 (1952). 

‘Salton, M. R. J., and Horne, R. W., Biochim. et Biophys. Acta, 7, 
177 (1951). 

* Davies, J. T., Hayden, D. A., and Rideal, Sir Eric, Proc. Roy. Soe., 
B, 145, 375 (1956). 
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DESCRIPTION of the Royal Technical College 
of East Africa should be prefaced by some 
account of the recent development in higher educa- 
tion in British Africa as a whole. Since the First 
World War, there has been an increasingly strong 
trend upwards in social evolution, and since the 
Second World War this has shown marked accelera- 
tion. One of the most immediately recognizable 
symptoms of this immense change is the thirst for 
education in all its forms, particularly for higher 
education, and much is already under way to meet 
the need. University Colleges are established at 
Makerere in Uganda, Achimota in the Gold Coast, 
Ibadan in Nigeria, and Fourah Bay in Sierra Leone. 
Complementary to these university colleges, there 
are colleges of arts, science and technology. Such 
colleges offer courses which do not conform entirely 
with those normally the province of their more 
traditional British counterparts. Such courses afford 
study in architecture, commerce, engineering and 
other professions, but there is also a place for the 
humanities in order to provide a broad cultural back- 
ground for the prospective professional men. Colleges 
of this nature have already been established at 
Kumasi in the Gold Coast and in the three provinces 
of Nigeria. The latest addition is the Royal ‘Technical 
College of East Africa. 

After the formation of the East African Association 
of Engineers in 1945, it became clear to this body 
that there was a need for technical education in East 
Africa. A scheme for technical education in Kenya 
was put forward by a committee appointed by Sir 
Philip Mitchell, then Governor of the Colony, and 
was accepted in principle by the Kenya Government, 
which submitted it to the Secretary of State. The 
Advisory Committee on Colonial Colleges of Arts, 
Science and Technology, however, recommended the 
substitution of a scheme which would meet the needs 
of East Africa as a whole, and which would have the 
assistance of the Colonial Development and Welfare 
Funds. Accordingly, plans were drawn up and 
implemented, and the Royal Technical College was 
incorporated on April 24, 1954, by enactment of the 
East Africa High Commission. 

Funds for the College have been subscribed by the 
British Government, the Governments of East 
Africa and the Gandhi Memorial Academy Society : 
the latter body has by private donation and without 
stipulations of any sort regarding race or creed, 
contributed about £400,000. Valuable lands have 
been given by the Kenya Government and other 
ground has been purchased. The initial total area of 
the College estate is about 65 acres, which includes 
playing fields as well as building sites. 

The main tuition and administrative block is 
situated near the heart of the City of Nairobi. It 
is an imposing modern building of five stories, with 
a red, white and grey exterior finish; it contains 


classrooms, lecture theatres, science and engineering 
laboratories, architecture studios, a domestic science 
section and a large assembly hall which can be used 
as a cinema. 


There are also administrative offices 
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and academic staff studies. The men’s and women's 
halls of residence are some six minutes walk away, 
and the houses and flats for teaching staff are dis- 
tributed in the residential areas of Nairobi. There is 
immediate need for additional tuition and residentia! 
buildings and extensions are being planned so far as 
ground space at present available allows. 

In the Faculties of Architecture (including Survey) 
and Engineering, students have begun a five-year 
course, and in the Faculty of Commerce, two- and 
three-year courses are offered in accountancy, 
economics and allied subjects, all leading to British 
professional qualifications. The Department of 
Domestic Science has started a three-year course 
designed to produce domestic science teachers. The 
policy with regard to the Faculties of Arts and 
Science is not yet defined, as these subjects are 
already studied to degree standard at Makerere 
College and duplication has to be avoided so long as 
the existing capacity is adequate. The needs of East 
Africa in these fields are being considered by the 
appropriate authorities in East Africa and London. 
At the moment, students in these faculties are 
preparing for the University of London (Advanced 
Level) examinations for the General Certificate of 
Education. 

Academic staff, to the number of forty, have been 
recruited mainly from the United Kingdom and 
various Colonial colleges. There are, however, two 
Asian lecturers and one African. 

The College is multi-racial and admits African, 
Asian and European students on equal terms, the 
only condition of acceptance being academic quali- 
fications. Students come from Kenya, Tanganyika, 
Uganda and Zanzibar, twenty-five different African 
tribes being represented, and religious faiths including 
all Christian denominations, Jewish, Mohammedan, 
Hindu and their variations. 

Two hundred and fifteen students, including 
twenty-six women, have been enrolled for the first 
academic year, and the following figures give a broad 
analysis of this total : 


Territory Race Faculty 
Kenya 141 African 105 Architecture 3: 
Uganda 45 Asian 100 Arts 20 
Tanganyika 26 Goan Commerce 62 
Zanzibar 3 European 10 Engineering 49 

Science 43 
Domestic science 8 


215 215 215 


The problem of catering for residential students 
with varied dietary customs has bsen overcome as 
the result of goodwill and co-operation. There is 
always @ vegetarian alternative to meat dishes, anc 
estimating is facilitated by a register in which there 
are four groups: (a) students who are always 
vegetarian ; (b) students who are vegetarian when the 
meat is pork ; (c) students who are vegetarian when 
the meat is beef; (d) students who always eat meat. 

Such factors as these constitute a challenge not 
normally met in other Colonial colleges, but the 
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welding of different races and religions and the 
attempt to create a corporate college spirit has been 
astonishingly successful. There is evidence of good- 
will from all races, and perhaps the most disappointing 
feature is the comparatively small number of Euro- 
pean students who have enrolled. This is partly 
accounted for by the fact that pupils in the European 
schools already take the Cambridge Higher School 
Certificate examination. Nevertheless, it is believed 
that when the standards of the College, both academic 
and cultural, become better known, a higher repre- 
sentation of the European section of the community 
will be obtained. 

The normal academic and social attributes of a 
residential college are in a formative state. Full use 
has been made of the limited area available for 
sports and a Student Society has been formed, to 
which are affiliated various student clubs. There is 
a students’ refectory in the main block, a senior 


common room is in existence, and the first phase of 


the library is completed, containing 8,000 volumes 
and 3,000 periodicals. 

An introductory term began on April 23, 1956, 
during which, on July 12, 1956, the Vice-President 


of India, Dr. Radhakrishnan, cpened the part of 


the College which has been designated the Gandhi 
Memorial Academy. Himself a philosopher of high 
repute, the Vice-President delivered a memorable 
address concerning the vast problems and respons- 
ibilities of education in East Africa. 





CRYSTAL 





URING the second week of January the Physical 

Society held a two-day Conference at Queen 
Mary College, London, on ‘‘Crystal Dynamics’’. There 
was a large attendance to hear more than twenty 
contributions from many leading British physicists. 
It is an indication of the growth of interest in the 
theory of solids that a whole conference could be 
devoted so successfully to such a relatively specialized 
branch of the subject. Many of the topics that 
were dealt with have long histories such as the 
specific heat of crystals associated with lattice 
vibrations, and the thermal expansion resulting from 
anharmonicity. Other fields discussed were entirely 
unknown before the Second World War, for example, 
the determination of frequency spectra by means of 
neutron diffraction. In yet a third group of topics 
old problems were dealt with on which new light has 
been shed in recent years by extensive experimental 
and theoretical research. An example of this group 
is electron—phonon interaction which, in some cir- 
cumstances, dominates the electrical and thermal 
conductivity of metals at low temperatures. 

The Conference was divided into four sessions, each 
of which was opened by a lecture in which the subject 
of the session was reviewed, thus placing the audience 
in @ position to appreciate the shorter specialized con- 
tributions, describing recent work, which followed. 

The first session was opened by Dr. M. Blackman 
(Imperial College of Science and Technology, London), 
who reviewed the types of vibrational spectra of 
crystals which have been obtained theoretically, and 
the heat capacity curves deduced from them. The 
Debye T* law was discussed from the theoretical and 
experimental point of view and it was pointed out 
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During the first term of the College year proper, 
which began on October 1, 1956, the College was 
honoured by a@ visit from H.R.H. Princess Margaret, 
who performed the formal opening ceremony of the 
whole College on October 24. In her speech, the 
Princess referred to the importance of a college of 
this nature to territories the activities of which, 
whether agricultural, commercial or industrial, are 
increasing so rapidly. Princess Margaret said that 
the College had a twofold task: first, to produce 
men and women trained in a specialized and practical 
field; and secondly, to send out into the world 
people with wide interests who have, by their 
association with their fellow-students, been set 
firmly on the road leading to wise citizenship. 
Princess Margaret showed a warm and lively regard 
for all aspects of life and work at the College and spoke 
to several of the students about their own problems 
and interests. 

The Royal Technical College, having been launched 
thus happily and auspiciously, and the eagerness for 
work and the goodwill of the first entry of students 
having been displayed so encouragingly, the staff of 
the College faces the future of this farsighted enter- 
prise with confidence. Their only anxiety is that this 
project, so warmly greeted by the young people of 
East Africa and so vital to the development of their 
country, will not be checked or impaired by lack of 
financial support for its urgently needed capital 
development. 










that only in one or two cases was it really certain 
that the 7* region had been reached in experimental 
measurements. 

An interesting contribution came from Prof. 
M. H. L. Pryce (Bristol), who dealt with a new form 
of lattice statics. He reported calculations which 
have been carried out to determine atomic displace- 
ments caused by defects such as vacancies, inter- 
stitial atoms, impurity atoms and dislocations. The 
method uses Fourier transforms, as in the determ- 
ination of the normal modes of the lattice. It has 
the advantage that the discrete character and the 
elastic anisotropy of the crystal are automatically 
taken care of. The results are promising and should 
be better than calculations based on an elastic theory 
of a continuum supplemented by the localized 
relaxation of a few atoms. 

In a short contribution Prof. C. Domb (King’s 
College, London) dealt with the calculation of the an- 
harmonic properties of a solid such as thermal expan- 
sion and compressibility. A simple attempt at dealing 
with this problem was made by assuming a Debye 
model in which the 9-value was dependent on volume. 
However, the results did not agree well with experi- 
ment. For an extremely anharmonic solid, like 
helium, there was marked disagreement with experi- 
ment. Even for solid argon, recent experimental 
results obtained at Queen Mary College differed 
appreciably from theory. Accordingly, a different 


approach due to Henkel, which is a generalization of 
the Einstein model for a harmonic solid, was adopted. 
The results were in surprisingly good agreement with 
experiment when a Lennard-Jones 6,12 potential was 
used. 
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In a contribution entitled ‘‘Solid Argon as a Model 
Substance’’, Dr. E. R. Dobbs (Queen Mary College, 
London) surveyed experimental techniques used to 
obtain accurate measurements of the expansivity, com- 
pressibility and specific heat of poly-crystalline argon. 
A comparison with the theoretical calculations of 
Domb and Zucker showed that their assumption of 
anharmonic lattice vibrations in a modified Einstein 
model was in agreement with the experimental 
results for expansivity and compressibility but, not 
unexpectedly, failed to account for the variation of 
the specific heat at low temperatures. 

Another contribution to the first session was made 
by Dr. D. Bijl (St. Andrews), who pointed out that 
the customary method of using a temperature- 
dependent or effective Debye temperature has serious 
disadvantages. A better method is to plot the ratio 
between the measured specific heat and the Debye 
specific heat calculated with a characteristic tem- 
perature obtained from the true T* region. 

The second session, on “‘Vibrational Spectra’, was 
opened by Dr. G. L. Squires (Cambridge), who dis- 
cussed the method by which the frequencies of the 
normal vibrations of a crystal may be determined. 
These frequencies can be determined by measuring 
the momentum changes of slow neutrons which have 
been scattered inelastically by the crystal. A neutron 
excites or de-excites a phonon in a crystal lattice, 
and the resulting change of energy, being of the same 
order as the initial energy, was readily measurable. 
The inelastic scattering of X-rays was said to be not 
so suitable for measuring-phonon frequencies because 
the change in the energy of the X-ray quantum was 
of the order of 10-5 of its initial energy. Such small 
changes in energy are not at present detectable and 
the phonon frequencies have to be deduced from 
intensity measurements. So far, owing to the com- 
parative weakness of neutron sources, most of the 
measurements of phonon frequencies have come from 
X-ray experiments, but as high-flux reactors, such as 
DIDO at Harwell, become available it was expected 
that the neutron method would be used increasingly. 

Dame Kathleen Lonsdale (University College, 
London), in a short contribution, discussed methods 
of determining the anisotropic vibrations in crystals. 
Diffraction methods enabled one to determine the 
values of the mean square amplitudes of individual 
ions or atoms in different directions relative to the 
crystal axes. In the case of molecular crystals it was 
of particular interest to distinguish thermal move- 
ments of the molecules relative to each other from 
intra-molecular vibrations. There are several dif- 
ferent ways of approaching the problem: diffuse 
scattering on photographs of stationary crystals ; 
coherent scattering of neutrons or X-rays leading to 
a Fourier analysis; or measurements at varying 
temperatures. The first gave much information, but 
at present could not be interpreted except in the 
case of very simple and symmetrical structures. The 
second is the standard method. The third has 
provided useful confirmation of the results obtained 
and gives promise of leading to good estimates of 
zero-point energies. 

Dr. D. H. Martin (Queen Mary College) outlined 
the need for information about the absorption spectra 
of ionic crystals in the very far infra-red, and dis- 
cussed the feasibility of observing such spectra with 
good results by making use of the super-conducting 
bolometer. 

An interesting theoretical contribution was made 
by Dr. G. V. Chester (Birmingham), who dealt with 
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inelastic neutron scattering in crystals. The theory 
of the coherent inelastic scattering of neutrons by a 
single crystal showed that, for every process in which 
the neutron absorbs or emits a single phonon, the 
neutrons are scattered in all directions, and the 
intensity of scattered neutrons in any given direction 
shows sharp peaks when plotted as a iunction of 
energy. Because of mutual scattering and other 
effects, phonons had only a finite lifetime and, there- 
fore, their energies were not precisely defined in 
accordance with the Uncertainty Principle. This 
resulted in a broadening of the peaks in the neutron 
diffraction pattern. From the line width it was 
possible to determine the total scattering cross- 
section for a phonon both as a function of wave 
number and polarization. It was thought that the 
main applications of this method would lie in the 
study of phonon-phonon and _ electron—phonon 
scattering. 

The third session, at which the chair was taken by 
Prof. R. E., Peierls, was opened by a review of thermal 
conductivity given jointly by Dr. J. M. Ziman (Cam- 
bridge) and Dr. R. Berman (Oxford). Dr. Ziman 
considered the theory of the various effects which led 
to thermal resistance in crystals: interstitial atoms ; 
vacancies ; substitutional impurities ; dislocations ; 
stacking faults ; and surface roughness. He was able 
to show what might be expected for the temperature- 
dependence of the thermal conductivity due to each 
of these causes. Dr. Berman dealt with experimental 
data relating to the thermal conductivity of dielec- 
trics at very low temperatures and was able to 
correlate this data with the theoretical predictions 
previously discussed by Dr. Ziman. 

In a short contribution Dr. H. M. Rosenberg 
(Oxford) described experimental results concerning 
the electronic thermal conductivity of the metals 
zinc and cadmium. He was able to relate the 
observations to the known variation of the 0p-values 
with temperature in the region of very low tem- 
peratures. 

Dr. J. Wilks (Oxford) described experiments on 
the thermal boundary resistance between metals and 
liquid helium II which showed that the dependence 
of this resistance on temperature is similar to that of 
the thermal contact resistance between two solids. 
Theory predicts a heat transfer which varies as 7’, 
and which depends on the properties of the metal 
and the liquid helium. Agreement with experiment 
is far from satisfactory ; the observed dependence on 
temperature is nearer to J*. It was suggested that 
this discrepancy may be due to the theoretical 
treatment, which assumes that the media are con- 
tinuous. 

Two other short contributions were made by Dr. 
R. Firth (Birkbeck College, London), who spoke 
on the theory of fluctuations of strain and stress in 
crystals, and by Dr. E. H. Sondheimer (Queen Mary 
College), who discussed a point hitherto overlooked 
in the theory of the thermal conductivity of metals 
in strong magnetic fields. 

The final session, with Prof. N. F. Mott in the chair, 
was opened by Prof. Harvey Brooks (Harvard), who 
reviewed the theory of electron—phonon interaction 
in metals. A searching analysis was given of the 
various attempts which have been made to calculate 
the matrix of the scattering potential for electrons 
in metals. Particular attention was paid to the self- 
consistent method of Bardeen and the more recent 
method of the deformation potential. An interesting 
point which emerged was that, even at what are 
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normally considered low temperatures, Umklapp- 
processes are frequent in metallic sodium, and that at 
room temperatures such processes account for some 
9) per cent of the resistivity. 

Prof. G. O. Jones (Queen Mary College) sum- 
marized the work which has been carried out on 
super-conductivity at pressures of 10,000 atmo- 
spheres and above. Although the electron-phonon 
interaction theory of superconductivity, developed 
by Fréhlich and Bardeen, had appeared to account 
more or less exactly for the change in transition 
temperatures with change in isotopic mass, the 
effect of varying the volume is by no means straight- 
forward. For metals which would be regarded as 
normal with respect to their ordinary electrical 
properties under high pressure, having a resistivity 
which varies approximately as V*’, where y is the 
Griineisen constant, the superconducting behaviour 
varies enormously. In some cases the transition 
temperature varies according to expectation as V”, 
but in others the variation is more nearly propor- 
tional to V*”, and in one case (thallium) there is a 
reversal in the sense of the variation at about 1,000 
atmospheres. 





Dr. J. H. Partridge 


JoHnN HENRY PARTRIDGE, a senior member of the 
Research Laboratories of the General Electric Com- 
pany, Ltd., died on November 30, 1956, at the age 
of fifty-three. For many years Partridge had been 
head of the department of the Laboratories con- 
cerned with glass, refractories and ceramics. He was 
a man who loved to do things with his own hands 
and he was always anxious to translate, as rapidly 
as possible, laboratory findings into works’ applica- 
tion. He was very frequently to be found in the 
works both of his own Company and of other firms 
in the glass industry, giving his help generously. He 
had suffered from a heart attack some six years ago, 
and the restraint which his medical adviser attempted 
to impose upon him he found very hard to bear. It 
was very difficult to stop him trying to carry out a 
full programme of works’ visits and society meetings, 
when in the interest of his health he should at times 
have been taking life more quietly. His ill-health 
never interfered with his great sense of fun, and he 
was a delightful colleague with whom to travel either 
to a works of the Company or to some international 
congress. 

Partridge was a most conscientious man, and this 
virtue was reflected in his record of service to scientific 
and technical societies. He was a member of the 
Council of the Society of Glass Technology for several 
periods since 1934, and was honorary secretary of the 
Society during 1946-49. At the time of his death he 
was in office as president, having been elected in 
April 1956; election to this office was an honour 
which Partridge deeply appreciated, and he had 
undertaken the duties with characteristic energy. 
He was a member of the Ceramic Society and a 
Founder Fellow of the Institute of Ceramics; he 
had travelled much on the Continent to attend 
international congresses on glass. 

In the G.E.C. Laboratories he had done a great 
deal of work on the development of new glasses and 
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In a short contribution, Dr. P. G. Klemens (Syd- 
ney) spoke of the conduction properties of mono- 
valent metals at very low temperatures and ex- 
plained a discrepancy which appears to exist between 
thermal and electrical conductivity. Dr. A. B. 
Pippard (Cambridge) in a final contribution dealt 
with acoustic absorption in metal crystals. He 
described how an analysis, by standard methods of 
conduction theory, of the attenuation of a longi- 
tudinal ultrasonic wave shows that, so long as the 
electronic free path is shorter than the wave-length, 
the attenuation varies as the square of the frequency, 
but, when the free path is long compared with the 
wave-length, the attenuation is proportional to the 
frequency and independent of free path. The 
transition region has been investigated by Bommel 
and found to show qualitative agreement with 
theory. The result for a long free path is identical 
with that derived by the arguments used to describe 
electron-phonon interaction in quantum theory of 
conduction. It seems likely, then, that the result 
derived ‘classically’ by consideration of electron 
trajectories is valid over the whole range of free 
paths. H. JONES 






refractories ; he was the author of two monographs, 
one on “Refractory Materials for the Glass Industry” 
and the other on ‘‘Glass-to-Metal Seals”. He had 
written many papers on these and related subjects. 

Dr. Partridge was educated at King Edward VI 
Grammar School, Birmingham, and in 1921 he 
entered the School of Metallurgy in the University 
of Birmingham, and in due course he obtained the 
degree of Ph.D. During the period 1925-26 he was 
awarded a grant from the Department of Scientific 
and Industrial Research, and a Carnegie Scholarship 
from the Iron and Steel Institute. In 1947 he received 
his D.Sc. for his contribution to scientific and tech- 
nological knowledge in the fields of glass and 
refractories. 

His colleagues in the General Electric Company 
and a much wider circle of colleagues in the glass 
industry in Britain and abroad will feel keenly the 
loss of a man whose enthusiasm and good humour 
had endeared him to them—a man whose enjoyment 
of life was so infectious. His friends will have great 
sympathy for his wife and three children. 

R. W. Doveras 


Prof. Joseph Varga 


Pror. JOSEPH VARGA, a member of the Hungarian 
Scientific Academy and professor of chemical tech- 
nology in the Technical University in Budapest, died 
at the age of sixty-five on December 28. He received 
his degree in chemical engineering in 1908 at the 
Technical University in Budapest, and then he was 
appointed assistant there. In 1920 he was appointed 
Privatedocent, and in 1923 professor in the Institute 
for Chemical Technology. He worked in the field of 
the hydrogenation of coal and coal-tars and made 
several valuable contributions to the scientific prob- 
lems involved and industrial applications. Arguing 
with Bergius—who first liquefied coal—he proved by 
classical experiments that the hydrogenation of coal is 
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a catalytic process. He found, first, that the molyb- 
denum and tungsten sulphide catalysts are not 
poisoned by sulphur compounds. On the contrary, the 
presence of sulphur compounds is advantageous. This 
discovery has been embraced in many foreign patents 
(Britain, United States and France) and is referred 
to in the scientific literature as the ‘Varga effect’. 
Prof. Varga’s main purpose in life was the develop- 
ment of the Hungarian chemical industry, on which 
he also worked as Minister of Industry during 1939-43. 
Students always enjoyed his lectures, which showed 
not only the real connexion between science and 
technology, but—through the industrial life of the 


Prof. H. A. Briick: Astronomer Royal for Scot- 
land 


Pror. H. A. Brick, whose appointment as 
Astronomer Royal for Scotland and professor of 
astronomy in the University of Edinburgh in suc- 
cession to the late Prof. W. M. H. Greaves has just 
been announced, was formerly a pupil of Sommerfeld 
in Munich. His career in astronomy began at the 
Astrophysical Observatory, Potsdam, where in 1930 
he became a member of the assistant staff. There he 
worked on a number of problems concerning the solar 
spectrum, in co-operation with E. Finlay Freundlich, 
and also took an important part in the Potsdam 
survey of stellar spectra in the Kapteyn Areas of the 
southern sky. In 1936 political difficulties forced him 
to leave Germany. After a short stay at the Vatican 
Observatory, he went to Cambridge, first as a junior 
observer at the Solar Physics Observatory, later 
becoming assistant director of the Observatory and 
John Couch Adams Astronomer. During these years 
he undertook pioneer work on the photoelectric 
measurement of line profiles m the solar spectrum. 
He also collaborated with W. Moss in an early 
investigation of Ha and D, lines in solar prominences, 
and afterwards with F. Ruttlant attempted the 
extremely difficult problem of detecting photo- 
graphically a displaced calcium K line from matter 
ejected by a chromospheric flare. 

In 1947 the Irish Government decided to revive 
the Dunsink Observatory, which had been closed for 
many years, to form a part of the Dublin Institute 
for Advanced Studies, and Briick agreed to become 
the director. Under his guidance a new solar telescope 
and a large spectrograph were built, and work on 
photoelectric photometry of stars, including studies 
of star scintillation, was started. A co-operative 
agreement with the Armagh and Harvard Observ- 
atories was made, to allow Dunsink a share of the 
24-36-in. Baker-Schmidt telescope at Bloemfontein, 
South Africa. Among many other activities Briick 
himself found time to go with D. A. Jackson to 
Khartoum for the 1952 total solar eclipse, where they 
measured chromospheric line widths interferometric- 
ally in difficult conditions. In 1955 the International 
Astronomical Union met in Dublin, and much of 
the success of these meetings was due to Briick’s 
enthusiasm and tact as the local organizer. In this 
exacting task he was ably assisted by Mrs. Briick, 
who is herself an experienced solar physicist. Prof. 
Briick will take up his new appointment with the 
good wishes of an unusually wide circle of astro- 
nom ‘cal friends. 
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country and by picturing the industrial development 
in the free world—also the right way to be followed 
in the dark days of oppression. 

In 1932 he was elected a member of the Hungarian 
Scientific Academy, and he also received many other 
scientific distinctions. 

His last studies concerned hydrogen transfer 
reactions, which have been applied for the mild 
pressure hydrogenation of highly asphaltic crudes 
with high sulphur content. After successful laboratory 
experiments, a pilot plant was built, the results of 
which he reported to the sixth World Power Con- 
ference at Vienna in 1956. 


d VIEWS 


Structural Engineering in the University of Man- 
chester : Dr. W. Merchant 


Dr. WILFRED MERCHANT has been appointed to 
the recently established chair of structural engineering 
in the Faculty of Technology of the University of 
Manchester. Dr. Merchant graduated with first-class 
honours in engineering science at Oxford in 1933. He 
then spent four years in gaining industrial and 
municipal experience in the design and detail of steel 
and reinforced concrete frames and foundations. In 
1937 he was elected to a Commonwealth Fellowship 
which he held at the Massachusetts Institute of 
Technology, specializing in soil mechanics. Dur- 
ing the War, Dr. Merchant was engaged on the 
development of jet engines in the Gas Turbine 
Engineering Department at Metropolitan-Vickers, 
Ltd., Manchester, and joined the staff of the Man- 
chester College of Science and Technology in 1946 
as a lecturer in structural engineering. Since his 
appointment there, his research work has _ been 
mainly concerned with structures, though he remains 
a member of committees of the Aeronautical Research 
Council and the Gas Turbine Collaboration Com- 
mittee. In 1951 he was promoted to a readership in 
applied mechanics and he proceeded to the degree of 
D.Se. in 1955. Dr. Merchant has published a number 
of papers and reports on soil mechanics, on aero- 
dynamics and on structures in various scientific 
journals and is joint author of a recently published 
volume entitled ‘“‘An Introduction to the Theory of 
Structures”. 


Nuclear Research and Development in Europe 


M. Louis Armand (France), Herr Franz Etzel 
(Germany) and Prof. Francisco Giordani (Italy) have 
been visiting the United Kingdom on behalf of the 
six governments now negotiating the Euratom 
Treaty—Belgium, France, the Federal Republic of 
Germany, Italy, Luxembourg and the Netherlands 
to “report on the amount of atomic energy that can 
be produced in the six countries in the near future 
and on the means whereby this can be achieved”’. 
They have already visited the member-countries of 
the proposed Euratom Treaty, and recently visited 
the United States for talks with the United States 
Atomic Energy Commission. M. Armand is director- 
general of the French State Railways and president 
of the Industrial Equipment Committee of the 
French Atomic Energy Commission ; Herr Etzel is 
senior vice-president of the High Authority of the 
Coal and Steel Community ; Prof. Giordani is presi- 
dent of the Italian National Research Council and 
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an authority on the development of nuclear energy 
resources. 

In @ written answer in the House of Commons on 
February 18, the Parliamentary Secretary to the 
Ministry of Works, as representing the Lord President 
of the Council, reported that substantial progress has 
been made in the construction of the laboratory and 
apparatus for the European Organization for Nuclear 
Research. The first accelerator should be in operation 
in the second half of this year. Recruitment is 
proceeding satisfactorily and the staff now numbers 
some 480. The research activities of the Organization 
are intended to be complementary to those of member 
countries, and in deciding its research programme the 
Council of the Organization takes fully into account 
research proceeding or proposed in member countries. 
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Nuclear Power at the Imperial College 

A SPECIAL one-year postgraduate course in nuclear 
power has been arranged at the Imperial College of 
Science and Technology following the recent appoint- 
ment there of Dr. J. M. Kay as professor of nuclear 
power. The course is based on the belief that nuclear 
power is not a distinct technology but a new field for 
the application of existing branches of engineering 
and applied science. Entry to the course, which will 
start in October, will be open to those having a good 
honours degree in mechanical, civil, electrical, or 
chemical engineering. The principal aim of the course, 
in fact, will be to meet the needs of the engineering 
industry engaged in the field of nuclear power. 
Students taking part will be eligible for Department 
of Scientific and Industrial Research Advanced 
Course Studentships. 

The syllabus will include a number of backbone 
lecture courses on basic nuclear physics, nuclear 
reactor theory, nuclear fuel technology, biological 
effects of radiation, and the design and construction 
of nuclear reactors for power generation. Optional 
lecture courses will cover such subjects as advanced 
fluid mechanics and heat transfer, the mathematical 
theory of neutron diffusion and transport theory, 
properties of special materials and unusual metals, 
isotope separation, fuel cycles, thermal design of 
nuclear power plants and steam cycles, instrumenta- 
tion and control theory, and the design of re- 
inforeed concrete structures. Laboratory work will 
include the demonstration of neutron sources and 
gamma, radiations, methods of detection of neutrons 
and radiation, counting equipment, measurements of 
neutron diffusion, the use of a reactor simulator, 
experimental work on fluid flow and heat transfer, 
and a number of other mechanical engineering 
problems. 

The course will be under the direction of Prof. Kay 
in association with Profs. Ball (physical metallurgy) ; 
Blackett (physics) ; Danckwerts (chemical engineer- 
ing science) ; Newitt (chemical engineering); Saun- 
ders (mechanical engineering) ; and Tustin (electrical 
engineering). Further particulars may be obtained 
from the Registrar, Imperial College, London, S.W.7. 


National Economic Statistics 


IN his budget speech on April 17 last year, Mr. 
Macmillan said that he was considering ways of 
improving our economic statistics, and on August 1 
he made a further detailed statement outlining seven 
ways in which the existing information could be 
improved, including quicker returns from industry 
and the collection of new or improved information in 
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six different fields. The need for greater guidance as 
to where to obtain statistics and how to use them 
was stressed by Prof. R. G. D. Allen in an article 
in Economica last November. A broadsheet from 
Political and Economic Planning, “Statistics for 
Government” (No. 406; January 28, 1957), reviews 
briefly developments since 1944, including the major 
advances in the past four years and Mr. Macmillan’s 
proposals, and evaluates the success achieved in 
carrying out the recommendations of a White Paper 
on Employment in 1944. The main criticisms made 
of our national economics statistics are that too 
long a time elapses between collection and pub- 
lication ; that revisions are made too frequently ; 
that there is insufficient analysis and official statist- 
icians are over-cautious and afraid to commit them- 
selves; and that presentation and _ publication 
require more attention. More specifically, Britain 
needs quarterly estimates of the national income 
like those already published in the United States, 
Canada and the Netherlands. These criticisms are 
not entirely consistent, and Political and Economic 
Planning concludes that the statistical services are 
faced with a complex of requirements that are often 
self-contradictory. The quality needed above all in 
the statistical divisions is flexibility, and this may 
sometimes be hampered by official modes of operation 
which are not readily adapted to public relations 
work in securing the co-operation of industry. There 

is need for fuller notes explaining how the published 

statistics can be used, and in particular, for a work 

which will not only act as a reference source outlining 

the sources and methods of compilation of the 

statistical tables, but which will also discuss more 

fully the nature, uses and limitations of the statistics. 

Finally, the dependence of the statistical services on 

the co-operation of industry is stressed. 


Christian Responsibility in the Nuclear Age 

In an article on ‘““Nuclear Knowledge and Christian 
Responsibility”’ in the London Quarterly for January 
1957, Prof. C. A. Coulson emphasizes that if the 
under-developed countries are also to enjoy the 
benefits of civilization, or indeed if our civilization is 
to continue, a fair and reasonable distribution of 
nuclear energy is an absolute necessity. For those 
who come to the nuclear age with real elasticity of 
mind, its problems afford stimulating and creative 
opportunities, and he argues that it is a Christian 
responsibility to see that nuclear energy, like any 
other scientific discovery, is rightly used. That 
responsibility is inherent in the nature of man and 
in our relationship to the material world. There are 
certain questions, not of a purely scientific character, 
which must be answered before we know how to use 
science properly. God, he argues, will not be fully 
known until He is found in a developed knowledge 
of the universe in which we live, and that therefore 
all science is a religious activity. Urging that we 
should be profoundly grateful for our nuclear know- 
ledge, Prof. Coulson indicates some of the ways in 
which we should share and develop nuclear energy 
and its applications. We should look to the time 
when we shall harvest crops within the Arctic Circle 
and our control of biological techniques shall enable 
us to exploit the agricultural possibilities of every 
part of the world. Nothing less can cope with the 
rising world population and its demand for food. 
We should also rejoice in new possibilities for curing 
disease and improving health in parts of the world 
where disease is rampant and health poor and should 
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see that no one makes personal profit out of this 
situation to the detriment of the world-wide dis- 
tribution of the new products. 


Edison’s Birthday 

To commemorate the 110th anniversary of the 
birth of Thomas Alva Edison, which took place on 
February 11, 1847, Science Service of America has 
produced a booklet for all its Science Clubs indicating 
experiments connected with Edison’s work which 
could be carried out by young people. The booklet 
shows how exhibits of important Edison inventions 
could be cheaply made and how they could be used 
at local exhibitions arranged in connexion with the 
National Edison Birthday Celebration of February 
ll. Industries had been asked to open their 
factories and research laboratories to visiting students 
on that day. The National Edison Birthday Cele- 
bration has been conceived as an annual event in 
order to encourage young people to take advantage 
of growing opportunities for careers in science and 
engineering, to direct national attention to the 
critical shortage of scientifically trained people and 
to stimulate greater interest in science. 


Nuclear Instruments 

Nuclear Instruments is a new international journal, 
published by the North-Holland Publishing Co., 
Amsterdam, and edited by Prof. K. Siegbahn, of the 
University of Upsala. It is, therefore, a companion 
journal to Nuclear Physics, now entering its third 
volume. Again, the editorial board is representative 
of many countries, and contributions are accepted in 
English, French or German, with abstracts in English. 
Developments in accelerators, particle detection, 
isotope separators, mass spectrometers and related 
fields require at least as much research effort as the 
nuclear experiments which they make possible, and 
need to be reported in specialist papers. The purpose 
of Nuclear Instruments is to attract such papers, 
together with survey articles and book reviews. The 
first issue of fifty-six pages (January 1957) contains 
reports of the C.E.R.N. Symposium of June 1956, 
authoritative papers on regenerative beam extraction 
from accelerators, a proportional counter system with 
small wall effect, aberrations in a 180° double focusing 
magnetic spectrometer, short notes on evaporation 
crucibles for beta-spectrometer samples and diverging 
electrostatic lenses in accelerators, and two book 
reviews. The journal has an opportunity to fill an 
important need. It is well laid out, and the standards 
of printing and reproduction of diagrams are excel- 
lent. The subscription price is £6 10s., or 17 dollars, 
for each volume of 360 pages, and publication is 
bi-monthly. 


Bird Ringing 

In a journal entirely devoted to the ringing of 
birds, the editor, Dr. W. Rydzewski, directs atten- 
tion to the increasing number of inadequately 
addressed rings which are being reported by finders 
in many countries (The Ring, No. 9; November 
1956), despite the fact that officially recognized 
rings are easily obtainable for applicants with 
adequate ornithological knowledge. These ‘unofficial’ 
rings often mean that ‘bird-recoveries’ are lost both 
to the ringer and the finder. To help to minimize 
this loss, Rydzewski suggests the compilation of an 
index of as many non-ornithological rings as possible 
and that this should then be made widely known. 
He has already begun to build up a collection 
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of this sort. All who are interested should get in 
touch with Dr. Rydzewski at 1 Altyre Road, 
Croydon, Surrey. The Ring, which is published froin 
that address, appears quarterly in February, May, 
August and November, and costs 16s., post paid. 
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United States Radio Astronomy Observatory 

THE National Science: Foundation has entered into 
a contract with Associated Universities, Inc., for the 
conduct of basic research in the field of radio 
astronomy. The agreement provides for the estab- 
lishment of a radio astronomy observatory at Green 
Bank, Pocahontas County, West Virginia. Associated 
Universities, Inc., will construct and provide for th 
“management, operation and maintenance of the 
observatory with the primary purpose of making its 
facilities available for visiting scientists’. The 
National Science Foundation will provide 4 million 
dollars during 1957 for the necessary facilities and 
equipment, including a radio telescope with a dia- 
meter of approximately 140 ft. Associated Univer- 
sities, Inc., an educational corporation, initially 
organized under the State Board of Regents of New 
York, operates Brookhaven National Laboratory at 
Upton, New York, under contract to the Atomic 
Energy Commission. The corporation is sponsored 
by nine universities: Columbia, Cornell, Harvard, 
Johns Hopkins, Massachusetts Institute of Tech- 
nology, Princeton, University of Pennsylvania, 
University of Rochester, and Yale. 


Fusarium Isolates from Soils 

W. L. Gorpon, of the Plant Pathology Laboratory, 
Winnipeg, Manitoba (Canad. J. Bot., 34, 833 ; 1956), 
has given an account of a taxonomic study of 1,348 
isolates of Fusarium found in 206 soil samples col- 
lected in 1946; 143 (approximately 70 per cent of 
the samples) were obtained from 127 localities in 
Manitoba; the remaining 63 (30 per cent) came 
from seven other provinces. Of 25,973 colonies of 
fungi that developed on the 2,060 soil-dilution plates 
involved in this study, Fusarium accounted for 
approximately 5 per cent. A total of fourteen species 
and varieties of Fusarium, classified in nine sections 
of the genus, were isolated. F. oxysporum, F. oxy- 
sporum var. redolens, F. equiseti and F. solani 
accounted for approximately 90 per cent of the total 
Fusarium isolates. F. oxysporum was by far the 
most prevalent species isolated. 


Ophthalmic Trial Case Lenses 

THE unanimous report of the Committee on Trial 
Case Lenses appointed by the Minister of Health in 
December 1954 to review standards for the lenses 
used in carrying out sight tests and the method of 
measuring lens powers has now been published 


(“Trial Case Lenses”. Pp. 25. London: H.M. 
Stationery Office, 1956. 1s. 9d. net). The chairman 
of the Committee was Sir Stewart Duke-Elder. The 


ophthalmic trial case first appeared in approximately 
its present form about ninety years ago, when the 
introduction of routine testing for astigmatism 
brought complexity into what had hitherto been a 
comparatively simple process. The report; which is 
somewhat technical, is in two parts. In Part 1 the 
Committee sets out the reasons which lead it to 
recommend that the back vertex system of expressing 
and measuring lens powers becomes the accepted 
standard. It states that there is evidence that the 
manufacturing industry would welcome back vertex 
standardization and that most firms are now equipped 
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with vertex focimeters. In Part 2 the various forms 
and design of all the individual lens and prism units 
of the trial case are discussed in some detail, and the 
Committee suggests a new basis of design whereby, 
among other advantages, the aggregate effect of 
several lenses used in combination can be accurately 
and quickly ascertained by the practitioner. With 
regard to plano prisms, it is recommended that the 
prism dioptre be the unit of prism power and that 
the deviation be measured for light incident normally 
at one surface of the prism. For both trial case lenses 
and prisms the power should be expressed and 
measured with respect to light of wave-length 
corresponding to the yellow d line of the helium 
spectrum. 


Tramway Museum Society 

A Tramway Museum Society has been formed to 
take over and administer the present collections of 
historic tramcars and to co-operate with the transport 
and electrical industries in establishing a representa- 
tive historical collection of British electric tramcars 
and equipment in the form of a tramway museum. 
In the United States are more than a hundred historic 
electric cars, similar collections exist in the Nether- 
lands, Germany and Scandinavia, and a transport 
museum has recently been set up in Belfast. It is of 
particular importance that public vehicles, and 
especially tramcars, should be preserved in Britain. 
Further information concerning the Society can be 
obtained from the honorary secretary, Mr. J. H. 
Price, 15 Kingslyn Crescent, Upper Norwood, 
London, 8.E.19. 


Field Studies and Teaching Methods 


To show the part that field studies could play in 
the teaching of science in schools, a field excursion 
has been undertaken by a group of graduate students 
who are reading for the diploma in education at the 
University College of Swansea (School Nature Study, 
51; October 1956). The students taking part in the 
field work were geologists, biologists and geographers, 
and the area selected for investigation was the 
Oxwich peninsula, which is situated on the south 
side of the Gower peninsula in west Wales. As the 
work progressed, it offered ample problems for 
individual investigations and an appreciation of 
scientific method. It was generally agreed that such 
work would be valuable for use in schools. One of 
the most important points was that much preliminary 
work was necessary. This entailed not only careful 
planning in the field by the teacher but also some 
training beforehand in field methods, preferably on 
local sample studies, and some background know- 
ledge. In the grammar school such a study should 
be possible at advanced level. Some of the examining 
boards require individual or group investigation work, 
and this type of study would be eminently suitable. 
At a more junior level, the importance of this type 
of work cannot be over-stressed. 


Industrial Engineering at Loughborough College 
Amone the courses being presented at Lough- 
borough College of Technology is a one-year resi- 
dential postgraduate course in industrial engineering, 
intended for senior personnel from all branches of 
industry. The course, which offers advanced educa- 
tional and training facilities for production adminis- 
tration and management, is open to graduates in 
science or holders of the Higher National Certificate 
in engineering with at least one year’s industrial 
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experience, who are nominated by their respective 
companies. Students qualifying by examination at 
the end of the year will be awarded the Associateship 
of Loughborough College (A.L.C.) in industrial 
engineering. The course includes lectures on indus- 
trial, financial, factory and personnel management, 
automation, nuclear energy, work study, statistics, 
economics, law, industrial psychology and production 
development, design and distribution. Inquiries 
should be addressed to the Head of the Department 
of Industrial Engineering, College of Technology, 
Loughborough. 


British Council Courses for Overseas Specialists 


MoreE than seven hundred overseas specialists are 
expected to visit the United Kingdom this year 
to take part in courses organized by the British 
Council in conjunction with British organizations, 
including universities, government departments and 
learned societies. Twenty-nine courses of from two 
to three weeks duration have been arranged, to take 
place in nineteen centres in Britain between February 
and next January. Because of their popularity in 
previous years, the Council is repeating a number of 
courses, and several subjects have been included in 
the programme for the first time. Among these are 
radioisotopes in medicine, diseases in poultry, and 
the uses of concrete and of digital computers. The 
British Council also assists in receiving applications 
for summer schools organized by the Universities of 
Birmingham, London and Oxford and by the Scottish 
universities, intended primarily for postgraduate 
students from the United States, European and 
Commonwealth universities. 


Leverhulme Associates of the Royal Society of 
Medicine 


THE Council of the Royal Society of Medicine, 
through the generosity of the Trustees of the Lever- 
hulme Trust Fund, is able to appoint annually one 
hundred Leverhulme Associates who, without pay- 
ment of any subscription, enjoy nearly all the 
privileges of Fellows of the Society. Men and women 
are eligible provided that they are not already 
Fellows of the Royal Society of Medicine ; that they 
hold a full-time clinical or non-clinical teaching or 
research appointment in a medical, dental or veter- 
inary department of a British university ; and that 
their total income from academic or professional 
sources does not exceed £1,500 per annum. Awards 
are for one year in the first instance, and may be 
extended annually to a maximum of three years. 
Forms of application may be obtained from the 
deans of medical schools or from the Secretary, 
Royal Society of Medicine, 1 Wimpole Street, 
London, W.1. 


Society of General Microbiology 


THE twenty-fourth general meeting of the Society 
of General Microbiology will be held in the Royal 
Institution, Albemarle Street, Lundon, W.1, during 
April 15-17. On April 15 there will be morning and 
afternoon sessions for the presentation of original 
papers, and at 6 p.m. the third Marjory Stephenson 
Memorial Lecture will be given by Dr. André Lwoff, 
of the Pasteur Institute, Paris. This Lecture will be 
given in the Royal Institution and will be open to 
non-members. The subject will be “The Notion of 
Virus”. During April 16 and 17 there will be a 
symposium on “Microbial Ecology”. The principal 
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contributions have been collected and will be pub- 
lished by the Cambridge University Press as a book, 
which will be made available to members approx- 
imately three weeks before the meeting begins. Pub- 
lication to the general public will take place on the 
first day of the meeting. At the meeting the published 
papers will be taken as read and the two days devoted 
mainly to discussions following short commentaries 
by the authors concerned. Inquiries should be 
addressed to. the Secretary, Society for General 
Microbiology, c/o Institute of Biology, 41.Queen’s 
Gate, London, 8.W.7. 


Oversea Service Division, Colonial Office 


Tue. following appointments have recently been 
made in the Oversea Service Division, Colonial Office : 
H. C: Miller (chairman of the Yallahs Valley Land 
Authority, Jamaica), director of agriculture, Jamaica ; 
W.. G. ‘Stuart (chief agricultural officer, Jamaica), 
deputy director of agriculture (research), Jamaica ; 
A. Jeo Browning (senior assistant conservator of 
feresta; Sierra Leone), senior assistant conservator of 
forests, Cyprus ; J. A. N. Burra (assistant conservator 
of forests, Cyprus), conservator of forests, Jamaica ; 
J. L.A. Seward (principal forester, Northern 
Rhodesia), assistant conservator of forests, Northern 
Rhodesia; KR. B. McVilly (chief surveyor, grade 2, 
Federation of Malaya), deputy director of Federal 
surveys, Federation of Nigeria; A. D. Campbell 
(veterinary officer, Eastern Nigeria), principal veter- 
inary officer, Eastern Nigeria; D. C. Hague (veter- 
inary officer, Kenya), provincial veterinary officer, 
Kenya; R. L. Wooldridge (veterimary officer, Kenya), 
provincial veterinary officer, Kenya; R. S. Pitt, 
agricultural officer, British Honduras ; C. T. Bundy, 
assistant conservator of forests, Nyasaland ; R. R. H. 
Lemon, geologist, Gold Coast; A. E. Wright, geo- 
logist, Geological Survey Department, Tanganyika ; 
Dr. C. G. Johnson, senior principal scientific officer, 
West Africa Cacao Research Institute, Gold Coast ; 
D. G. Earnshaw, veterinary investigation officer, 
Northern Nigeria; J. B. Peters, veterinary officer, 
Uganda; V. W. Smith, veterinary research officer, 
Federation of Nigeria; B. Anderson, soils chemist, 
Tanganyika; Miss R. Arnstein, statistician, East 
Africa High Commission ; M. J. Cole, botanist, plant 
breeder, Tanganyika ; F. E. Dean, principal scientific 
officer, East Africa High Commission. 


Announcements 


Dr. LEo Marion, director of the Division of Pure 
Chemistry, National Research Council of Canada, has 
been made an honorary member of the Société 
Chimique de France. Dr. Marion is the first Canadian 
to receive this honour. 


Dr. Watter A. Woop, director of the Arctic 
Institute of North America in New York, has been 
elected president of the American Geographical 
Society. Dr. Wood has been a member of the 
Society’s Council since 1954, but his participation in 
the Society’s affairs is of considerably longer standing. 
For some years he was a member of its staff, and 
during 1939-42 served as head of its Department of 
Exploration and Field Research. 


Me. R. C. Dickie, chief chemist of Marchon 
Products, Ltd., of Whitehaven, has been appointed 
an additional member of the Standing Technical 
Committee on Synthetic Detergents (see Nature, 
179, 237; 1957). 
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THE Metal Physics Committee of the Institute ot 
Metals is organizing a discussion on “The Metal 
Physies of Corrosion and Oxidation’’, to be held at 
Church House, Great Smith Street, London, 8.W.]). 
on April 30, starting at 2.30 p.m. Visitors will bé 
welcome ; tickets of admission are not required. 


A CONFERENCE of the Oil and Colour Chemists 
Association on “Catalytic Processes relating to th 
Surface-Coating Industries” will be held at Torquay 
during May 21-25. Further details can be ‘obtained 
from Mr. R. H. Hamblin, Oil and Colour Chemists’ 
Association, Memorial Hall, Farringdon Street, 
London, E.C.4. 


THE sixty-second Annual Congress of the South- 
Eastern Union of Scientific Societies will be held at 
Hastings, in the Lower Hall, White Rock Pavilion, 
during April 25-28. Further details may be obtained 
from the hon. local secretary, Mrs. K. N. Quarterman, 
59 Braybrook Road, Hastings. 


A Jornt meeting of the Clay Minerals Group of the 
Mineralogical Society and the Basic Science Group 
of the British Ceramic Society will be held in Balliol 
College, Oxford, during April 11-13, the subject 
being ‘‘Clay Minerals and Ceramics”. Further details 
can be obtained from Dr. R. M. 8S. Perrin, School of 
Agriculture, University of Cambridge. 

A CONFERENCE on the “Rheology of Elastomers’’, 
organized by the British Society of Rheology, is to 
be held at the British Rubber Producers’ Research 
Association, Welwyn Garden City, during May 29-31. 
Inquiries should be addressed to the hon. secretary, 
Mr. N. Wookey, 52 Tavistock Road, Edgware, 
Middlesex. 


A CONFERENCE and Open Day for grammar schoo! 
teachers is being held in the Departments of Botany 
and Zoology, University College of Swansea, during 
March 29-30. Prof. C. D. Darlington will open a 
discussion on “Objectives in the Teaching of High 
School Biology” under the chairmanship of Principal 
J. 8. Fulton, and Dr. I. Isaac will open one on 
“‘Advanced Level Botany” under the chairmanship of 
Prof. H. E. Street. Further information can be 
obtained from the Secretary, Botany Department, 
University College of Swansea, Singleton Park, 
Swansea. 
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THE International Geographical Union is to hold a 
Regional Conference in Tokyo and Nara during 
August 29-September 3, organized jointly with the 
Scientific Council of Japan. The programme includes 
the presentation of papers (in English and French) in 
the several fields of geography, cartographical 
exhibitions and excursions to various parts of Japan. 
Abstracts of papers should be submitted, before 
March 1, to the Secretariat of the Conference Organ- 
izing Committee, Science Council of Japan, Ueno 
Park, Tokyo, from which further information can 
also be obtained. 


Mr. L. L. WuytTeE writes: “‘Owing to a misunder- 
standing, the dates of R. J. Boscovich were printed 
on p. 284 (Feb. 9, 1957) as 1711 ?-1787, as in the 
‘Encyclopedia Britannica’. In fact, there is no 


uncertainty. Boscovich was born on May 18, 1711, 
in Ragusa, and died on February 13, 1787, in Milan 
(V. Variéak, Engl. transl. of review of 1922 edition 
of “‘Theoria’, Bull. int. Acad. yougosl. Sci., Zagreb, 
1924, p. 45). The date of birth given in the 1922 
Latin-English edition of his ‘Theoria.. .’ 
correct’’. 


is in- 
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EAST AFRICA HIGH COMMISSION 


REPORT FOR 1955 


“HE annual report on the East Africa High 
Commission for 1955* follows a different pattern 
from its predecessors. The general review is omitted, 
and the seven chapters in Part 1 deal successively 
with financial matters, social services, legislation, 
communications, research and scientific services, 
economic services and defence. Part 2 consists of 
two chapters, the first giving a brief history of the 
Commission, while the second sets forth its con- 
stitution, scope and legislative powers. Despite staff 
shortages, the East African Statistical Department 
was able to maintain the collection of statistics of 
industrial production started in 1954, and an attempt 
is being made to develop the library of the Depart- 
ment into the best economic and statistical library 
in East and Central Africa. 

Most of the information of scientific interest is to 
be found in the chapter on research and scientific 
services. The first phase of the development of the 
East African Agriculture and Forestry Research 
Organization, which now has twenty-seven senior 
research officers in fifteen scientific divisions, ended 
in 1955. The Soil Physics Division continued its 
study of the soil—water relations in the Lower Rufiji 
Basin of Tanganyika and is also investigating the 
influence of different types of vegetation and land 
management on the amount and uniformity of 
stream flow out of catchment areas. The Soil 
Chemistry Division is studying factors which control 
the humus content of East African soils, particularly 
those which determine the rate of conversion of 
organic matter to carbon dioxide. Work on the 
chemistry of sulphur in forest soils has shown that 
much of the sulphur is being returned to the soil by 
the forest litter as soluble sulphate. The Plant 
Physiology Section concluded its examination of the 
effect of rainfall distribution on the yield of maize in 
Kenya, and the existence of two genes of value in 
giving resistance against American maize rust has 
been established. The breeding programme on 
cassava and the survey of East African forest insect 
pests both continued. Work proceeded on the 
estimation of the productivity of pastures and on the 
digestibilities of animal feeding stuffs, and a relation- 
ship has been established between the crude protein 
content of hays and green fodders and their apparent 
digestibility. 

Special stress is laid on the value of the training 
course in rabies held in the laboratories of the East 
African Veterinary Research Organization in July 
1955. The Division of Virus Diseases has concen- 
trated on rinderpest research and the production of 
rinderpest vaccines for the East African and adjacent 
territories. The East African Inland Fishery Research 
Organization began its deep-water investigations of 
the potentialities of Lake Victoria as a source of food 
in 1956, and the survey of East African coastal waters 
was continued.. The East African Council for Medical 
Research met for the first time in January 1955. 
The renamed East African Institute of Malaria and 
Vector-Borne Diseases has organized a malaria con- 
trol project in the Tavita-Pare area. ‘lhe most 
important work of the East African Virus Research 

* Colonial Office. Annual Report of the East Africa High Com- 


mission, 1955. (Colonial No. 326.) * ada plates. (London : 
H.M. Stationery Office, 1956.) 5s. 6d. n 





Institute was a study of the behaviour of Rift Valley 
fever virus in the laboratory mouse. Another basic 
study was concerned with the behaviour on the 
Mengo strain of encephalomyocarditis virus in the 
animal host. The first phase of a survey of the health 
of the East African population was completed during 
the year by the East African Medical Survey and 
Research Institute. 

The Lake Victoria Fisheries Service was seriously 
concerned about illegal fishing, but during the year 
the Lake was restocked with 12,150 Tilapia zillit. 
Considerable progress was made with the reorgan- 
ization of the East African Tsetse and Trypano- 
somiasis Research and Reclamation Organization. 
At Shinyanga laboratory studies were directed to the 
reaction of tsetse flies to changes in the humidity of 
the air, while the Lambwe Valley Field Station is 
seeking a cheap and productive method of eliminating 
thickets which form the habitat of Glossina pallidipes. 
Work at Tinde has demonstrated that the twenty- 
one year old stiain of Trypanosoma rhodesiense, 
transmitted throughout by the tsetse fly, remains 
infective to man; but another strain, derived from 
the Tinde strain seventeen years ago and since main- 
tained in England by syringe transmission, has lost 
its infectivity to man. 

Under the East African Industrial Research 
Organization which came into existence on April 1, 
1955, investigations on coffee processing have 
assumed increasing importance. ‘The investigation 
nto extraction of hecogenin from sisal waste has 
been completed and cetyl alcohol was prepared in 
pellet form for use by the Meteorological Department 
in reducing evaporation from reservoirs. The East 
African Industrial Research Board has been recon- 
stituted with fresh terms of reference. 


QUEUEING: THEORY AND 
PRACTICE 


HE mathematical theory of queues and of allied 

congestion phenomena was created about fifty 
years ago by the Danish telephone engineer, A. K. 
Erlang, but its relevance to a wide range of other 
problems in industry was not fully appreciated until 
quite recently. The realization that a single class of 
abstract probability problems could be recognized in 
a wide variety of practical situations has been the 
main driving force behind a revival of interest in the 
mathematical theory ; this had been further advanced 
by F. Pollaczek, A. Khintchine and others in the 
nineteen-thirties, but had not been adequately related 
to the modern theory of stochastic processes. 

During the past five years a great number of 
mathematical papers has appeared in this field, and 
it was with the object of translating these results of 
mathematical research into industrial practice that 
the University of Birmingham’s Institute for Engin- 
eering Production held a five-day residential course 
during January on “‘Queueing Theory and Practice” 
for about thirty senior executives from industry. 
The course was organized by R. S. Gander, staff tutor 
in operational research at the Institute. 
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The mathematical foundations of the subject were 
covered in a core of six lectures by D. G. Kendall 
and supported by a further four by F. Downton and 
R. R. P. Jackson, and the applications of the theory 
to ‘machine interference’ and to other practical 
problems were explained in nine further lectures by 
F. Benson and others. Two representatives of the 
Mathematisch Centrum, Amsterdam, also attended 
the course and contributed greatly to its success. 

To one observer the course illustrated the growing 
importance of applied probability theory as a subject 
in its own right, and also demonstrated the encour- 
aging fact that, when sufficient trouble is taken, the 
mathematical subtleties of the theory of stochastic 
processes can be expounded in a form acceptable to 
the industrial mathematician. It is generally felt 
that the course was a success, and a repetition is 
now being planned to take place in July of the present 
year. 


SCIENCE IN FRANCE 


N article entitled “‘Science in France’? by Dr. 
A. C. Copisarow, who is scientific attaché at 
the British Embassy in Paris, appeared in the winter 
issue of Britain and France, the quarterly journal 
of the Franco-British Society (Vol. 12, 1956; Ils. 
net). Research in France is organized at three levels. 
First, under the control of the Ministry of National 
Education are the universities, the Grandes Ecoles 
and the forty laboratories throughout the country 
administered by the Centre Nationale de la Recherche 
Scientifique, which corresponds roughly to the British 
Department of Scientific and Industrial Research. 
The Association Nationale de la Recherche Tech- 
nique, the main French technological research com- 
plex, has no counterpart in Britain. Secondly, there 
are some thirty industrial co-operative research 
organizations, financed by the industries they serve. 
Finally, there are a number of private establishments, 
ranging from the Pasteur Institute to the research 
departments of individual companies. 

The development of nuclear power in France began 
slowly after the Second World War, but in 1955 M. 
Gaston Palewski prepared a comprehensive plan and 
obtained for the Atomic Energy Commission the 
equivalent of £100 million for research and develop- 
ment during 1955-58, to be spent chiefly on industrial 
contracts. At present, about 1,800 technologists are 
employed in work on atomic energy in France, as 
compared with 1,000 for the rest of western Europe, 
5,000 in Britain and 15,000 in the United States. 
The first nuclear reactor is in small-scale operation 
at Marcoule, near Avignon, a second is scheduled to 
begin later this year, and a third in 1958, when a 
total of 50,000 kW. of electric power from nuclear 
sources will be added to the national grid system. 
The 200 lb. of plutonium produced annually by the 
three reactors at Marcoule will be used industrially ; 
it is not intended to manufacture bombs, but the 
design of nuclear marine and submarine engines is 
being investigated. 

There is a severe shortage of scientific man-power 
in France, due chiefly to post-war disorganization of 
the educational system. Of 151,000 students enrolled 
in 1954, only 29,000 were studying science or engin- 
eering: of these, only 3,900 reached the standard 
required for the diploma and a mere 650 continued 
as research students. The recent Landucci Com- 


NATURE 





March 2, 1957 


VoL. 179 


mission on Scientific Man-power recommended that 
the number of scientific and engineering students 
should be doubled within the next decade and that 
more grants should be provided for postgraduate 
work. The Higher Council for Scientific Research 
and Technical Progress, under the chairmanship of 
Prof. Henri Longchambon, has also undertaken a 
detailed inquiry into the deployment of French tech- 
nological resources. It has initiated a comprehensive 
stocktaking of the nation’s scientific potential in men 
and materials, defining and financing a number ot 
national research objectives ; it is investigating the 
existing conditions of training scientists and the 
industrial exploitation of their discoveries ; and it is 
examining the co-ordination of research and the 
communication of information between the various 
research organizations. 


FORECASTING TORNADOES AND 
SEVERE THUNDERSTORMS 


HE publication by the United States Weather 

Bureau of “Forecasting Guide No. 1’’*, the first of 
@ series, stimulates thought on the degree of official 
guidance given to weather forecasters. Directors of 
meteorological services have never, so far as is known 
to the writer, considered it advisable to lay down 
fixed rules of forecasting procedure. They have 
recognized that it is impossible to legislate for all the 
complex details of the weather and that the fore- 
caster must be given all the information likely to be 
helpful to him and then offered every encouragement 
to use his best judgment. ‘Lhis new ‘forecasting 
guide’ is unusual in that it seems to be the first time 
@ major meteorological service has produced a pub- 
lication with so definite an indication of official! 
approval of a code of practice as is implied in the 
title ‘guide’. It is, however, an aid to decision, not 
a set of rules. We find, in fact, the sentences: ‘‘In 
common with other types of weather forecasting the 
formulation of a tornado forecast does not entail a 
simple weighing of parameters or direct application 
of rules. Instead, the forecaster must arrive at some 
decision, or series of decisions, in each individual 
situation regarcing the combined relative importance 
of the climatological, synoptic, thermodynamic and 
dynamic factors previously discussed’’. 

Tornadoes cause great damage in central North 
America but are very infrequent at any one place. 
During June, between 3 p.m. and 9 p.m., in which 
tornadoes are most frequent in Kansas, the over- 
all probability that one will appear in an area of 
20,000 sq. miles on a day chosen at random is only 
0-04. This is much lower than the climatological 
probability of other phenomena covered in weather 
forecasts. Tornado warnings enable some useful 
protective steps to be taken, such as sheltering under- 
ground and alerting first-aid workers, yet a warning 
naturally causes great anxiety which should only be 
aroused for very good reason. The guide includes a 
history of tornado forecasting which shows that, 
after some tentative efforts at forecasting in the 
nineteenth century, the United States Weather 
Bureau from 1905 until 1938 specifically prohibited 
mention of the word ‘tornado’ in the forecasts because 

* United States Department of Commerce: Weather Bureau. 
Forecasting Guide No.1: Forecasting Tornadoes and Severe Thunder- 


storms. Edited by Jay 8. Winston. Pp. v+34. (Washington, D.C. : 
U.S. Department of Commerce, 1956.) 
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of the alarm it caused. Forecasters were, however, 
instructed to predict ‘severe local storms’. From 
1938, however, the word ‘tornado’ has been per- 
mitted, and a strenuous effort has been made to 
specify more exactly the meteorological conditions 
favourable for the formation of tornadoes. The latest 
stage was the setting up by the United States Weather 
Bureau in 1952 of a research unit called the Severe 
Local Storms Centre, which formed at Washington 
and moved to Kansas City, in the heart of tornado 
country, in 1954. 

The booklet under review is the first publication 
of the Centre. The climatology of tornadoes in time 
and space is described in some detail. Next are given 
the favourable air mass types in terms of the vertical 
distributions of temperature and water vapour. These 
are all naturally unstable in one way or another. 
The most important type of air mass is one with 
convective instability in which condensation begins 
at the bottom if the air mass is lifted. Once con- 
densation has begun in the lower part, the upper 
part cools on lifting at the dry adiabatic rate com- 
pared with the smaller saturated adiabatic rate of 
the lower part so that the degree of instability quickly 
increases. Tornadoes are nearly always associated 
with thunderstorms and with the south-east sector 
of a depression. They seem to be associated with 
definite centres of low pressure and do not occur in 
sporadic ‘air mass’ or ‘heat’ thunderstorms. The 
instability has to be released by vertical ascent and 
the variations of wind speed with height favourable 
for convergence and vertical movement have been 
studied at the Centre. The forecast is formulated 
from consideration of the advection of heat and water 
vapour to produce a suitable vertical distribution and 
of the suitability of the wind structure for con- 
vergence. It is stated that in the first seven months 
of 1955, 1 in 3 of all areas for which tornadoes were 
forecast, each area averaging 20,000 sq. miles, con- 
tained at least one tornado during the period of the 
forecast. For so exceptional a phenomenon this 
seems @ very useful proportion. 

No mention whatever is made in the booklet of 
how a tornado actually forms ; everything is devoted 
to determining the likelihood of convective over- 
turning. This is certainly necessary, but is it 
sufficient ? Lamb (Meteorological Office Geophysical 
Memoir 99, in the press) has suggested that surface 
features producing opposing winds are source points 
for tornadoes. The distribution of formation points 
of tornadoes might be worth examining for points of 
concentration. 


MINERAL NUTRITION AND 
AMINO-ACIDS IN TOMATO 


HE level and the quantitative composition of 

the free amino-acid fraction of tomato plants 
grown in full nutrient and in cultures deficient in 
zinc, copper, manganese, iron and molybdenum have 
been determined by J. V. Possingham (Austral. J. 
Biol. Sci., 9,539; 1956). 

The methods used in the investigation include the 
quantitative estimation of amino-acids by a tech- 
nique involving paper chromatography, and the cul- 
ture of tomato plants in highly purified nutrient 
solutions. All the deficiencies investigated except 
that of molybdenum brought about increases in the 
free amino-acid fraction. In every case there was a 
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change in the quantitative composition of this 
fraction. Iron and zine deficiencies were associated 
with large increases in the free levels of the two 
amides asparagine and glutamine, while with copper 
and manganese deficiencies many individual amino- 
acids increased in concentration, but not the two 
amides. The level of total free amino-acids and 
amides was low in molybdenum-deficient plants. The 
qualitative differences between deficient- and full- 
culture plants were not large, but included the 
accumulation of $-alanine with deficiency of zinc, 
copper or molybdenum, and of pipecolinic acid with 
deficiency of manganese or iron. Other differences 
were the absence of histidine with copper, manganese, 
iron and molybdenum deficiency, of phenylalanine 
with copper deficiency, and of lysine with copper, 
manganese and molybdenum deficiencies. Addition- 
ally many quantitative changes in amino-acid con- 
centration were found. In the deficient plants there 
were changes in the concentration of most amino- 
acids relative to the levels in the controls. These 
changes were not uniform, and the relative amounts 
of the different amino-acids were altered with each 
deficiency. 

The significance of these experimental results is dis- 
cussed in relation to the known interactions between 
the mineral nutrition and the amino-acid composition 
of plants. Although a characteristic spectrum of free 
amino-acids is associated with each individual 
deficiency, the differences are not considered suffi- 
ciently large to make analysis for these compounds 
an additional method for the diagnosis of mineral 
deficiencies in this plant. 


‘L FORMS’ OF BACTERIA 


HE members of the “Réunion sur les Formes L 

et sur les formes évolutives des bactéries’’, held 
in Lausanne during May 17-18, 1956, have issued 
the following statement : 

(1) Numerous cycles of different bacteria have 
been described under different names—L forms, 
filtrable invisible forms, evolution forms, etc. Often 
enough, all these bacterial forms have been described 
under the name of ‘L cycle’. At the present state 
of our knowledge, it seems preferable to use different 
designations, in order to describe phenomena and 
appearances which are perhaps not the same. 

(2) E. Klieneberger-Nobel has used in all her 
papers published in English the expression ‘L forms’ 
in order to designate bacterial colonies of new 
appearance which occur in vitro spontaneously or by 
stimulation. It seems, however, that the English 
word ‘form’ has been interpreted incorrectly by a 
number of microbiologists using Latin languages. 
They have used this expression for the ‘individual 
morphology of bacterial elements’. This incorrect 
interpretation manifests itself to-day when in the 
written or spoken language the following expressions 
are used: ‘formes L naines’, ‘formes L globuleuses’, 
etc. (Klieneberger-Nobel herself has occasionally 
made a similar mistake by using the expression ‘L 
elements’.) E. Klieneberger-Nobel rejects completely 
the translation of the English ‘form’ into the French 
‘forme’ and desires that it should be translated by 
the French word ‘formation’ and in German by 
‘Phase’. She is of opinion that one should designate 
as ‘formation L’ (L = Lister), ‘L form’, ‘L Phase’, 
the growth-form which can arise spontaneously or 
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by stimulation and is characterized by a colony of 
special appearance showing a dense centre and 
lighter periphery on media not containing stimulating 
substances. The micro-organisms composing this L 
form must not assume the morphology of the parent 
culture. 

(3) So long as the mechanism of this development 
and the structure of the elements of the L form are 
not completely elucidated we must avoid designating 
the pleomorphic bacteria, the globular forms, the 
granulations and the filterable forms, etc., by the 
term ‘L form’. These forms must keep their proper 
designations such as pleomorphic bacteria, globular 
forms, filterable forms, etc., in order to avoid con- 
fusion. 

(4) P. Hauduroy has designated ‘formes filtrantes 
et invisibles des bactéries’ elements which he obtained 


STEREOCHEMISTRY OF 


By Dr. L. E. ORGEL 


Department of Theoretical Chemistry, 
University of Cambridge 


HE stereochemistry of cupric compounds is 

unusual in that a regular octahedral environ- 
ment of the cupric ion rarely, if ever, occurs. Three 
types of environment are encountered : (1) distorted 
octahedral with four short and two long bonds; 
(2) square coplanar; (3) tetrahedral. The tetra- 
hedral compounds are few in number. They have 
been discussed recently by Felsenfeld'! and will not 
be mentioned further here. Types (1) and (2) com- 
prise the vast majority of cupric compounds and, 
since the planar compounds can be regarded as a 
limiting case of (1) with two ligands removed com- 
pletely, they can be considered together as a single 
class. Some examples of distorted octahedral co- 
ordination are presented in Table 1. 

According to Pauling’s valence-bond theory of 
metal complexes*, the planar compounds involve 
dsp* hybridization of the orbitals on the cupric ion. 
Since only four 3d-orbitals are left available for 
occupancy by nine electrons, the extra electron is 
regarded as occupying the 4p,-orbital. Pauling did 
not discuss the distorted octahedral compounds, but 


Table 1. INTERATOMIC DISTANCES IN SOME CUPRIC COMPOUNDS 


Distances to nearest neighbours 
Crystal (in A.) Ref. 
by oxide 40 at 1-95 (a) 
CaxOH).CO. 40(OH) at 1-98, 20 at 2-71 (b) 
(malachite) 40(0H) ~ 2-01, 20H at 2-41 
Cu bis-dimethyighyoxime 4N at 1-92 (ec) 
Copper chloride 4Cl at 2- 30, 2Cl at 2-95 (16) 
Copper bromide 4Br at 2-40, 2Br at 3-18 (d) 
s 4Cl at 2-30, 2Cl at 2-65 (18) 
Copper chloride.2H,O 2H,0 at 2-01, 2Cl at 2-31, 2Cl at 2-98 (12) 
2H,0 at 2-01, 2Cl at 2-26, 2Cl at 2-92 (13) 
K,CuCl,.2H,O 2H, O at 1-97. 2Cl at 2-32, 2Cl at 2-95 (17) 
Copper ‘acetate. 4.0 40 ‘at 1-97, H,O at 2 rf Cu at 2-64 
Copper formate.4H,O 
Copper proline. 2H,0 


40 at 2-00, 2H.O at 2 (f) 
2N atl -99, 20 at 2 is OH,0 at 2- 52 (g) 
CuCl,.2-pyridine 2N at 2-02, 2Cl at 2 28, 2Clat3-05 (14) 
wate ‘umbered references are mentioned in the text. Lettered references 
(a) Tunell, G., Posnjak, E., and Ksanda, C. J., Z. Krist., 90, 120 (1935). 
(6) Wells, A. F., Acta Cryst., 4, 200 (1951). 
(c) Bezzi, 8., Bua, E., and Schiavi —_— G., Gazzetta, A 856 (1951). 
(d) Helmhoiz, i, ds ‘Amer. Chem. Soc., 69, 886 (194 
(e) yo to iekerk, J. N., and Schoening, ¥. &. i.., fees Cryst., 6, 227 
). 
(f) a. R., Ibamoto, H., and Matsuo, K., Acta Cryst., 7, 482 
(9) Mathieson, A. McL., and Welsh, H. K., Acta Cryst., 5, 599 (1952). 
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by means of bacteriophage action and which he als» 
discovered in certain natural and pathological 
products. These elements reproduce the origina! 
bacteria when subcultured according to a special 
technique. Therefore, they are not stable forms but 
are stages probably of a developmental cycle. 

Finally, it should be pointed out that differences 
exist between the PPLO (pleuropneumonia-like 
organisms) and L forms as they have been defined 
above, and at the present moment there is no point 
in mixing up what seems to represent two types of 
organisms. The terms which are liable to caus 
confusion should be avoided. 

The members at the meeting were Dr. J. Basser 
mann, Prof. L. Carrére, Prof. R. Fasquelle, Prof. 
P. Hauduroy, Mme. E. Klieneberger-Nobel, Prof 
G. Penso, Prof. J. Roux and Dr. Z. M. Tungman. 


CUPRIC COMPOUNDS 


Dr. J. D. DUNITZ 


Davy Faraday Research Laboratory, 
Royal Institution, London 


Wells® suggests that the odd 4p electron may be 
responsible for the two additional weak bonds. The 
presence of an unpaired 4p-electron is, however, 
incompatible with recent evidence from paramagnetic 
resonance‘ and optical studies*.*, and is in any event 
difficult to reconcile with the marked resistance of 
cupric copper to further oxidation. Alternative sug- 


gestions, that they are derived from 484p*4d? hybrid- 
ization, or that they are simple ionic complexes, do 
not explain the marked deviations from octahedral 
symmetry. 

A different theory has been outlined by one of us’, 
wherein all cupric compounds are regarded as retain- 


ing their full complement of nine 3d-electrons. The 
unusual stereochemical effects are related to the 
distortions discussed by Jahn and Teller®. It will not 
be necessary to discuss their rather abstract pre- 
sentation here, since the relevant issues can be dealt 
with in a fairly simple fashion. We give below an 
elementary account of this theory and apply it both 
to the published data and to some new experimental 
evidence. 

The physical basis of the theory is explained as 
follows. In an octahedral field the set of d-orbitals 
is split into two groups, a lower triplet t,g, and an 
upper doublet eg (Fig. 1). The eg-orbitals are the 
dz: and d;:-orbitals, the former pointing towards 
the ligands in the zy-plane and the latter towards 
those along the z-axis. The ¢,g-orbitals are d,,, dz; 
and dy, which have a high density between the lines 
joining the central ion to the ligands. The splitting 
arises from the tendency of the metal electrons to 
avoid those regions where the field due to the attached 
ligands is greatest and hence to concentrate in regions 
where this field is least. For the cupric ion in an 
octahedral field, the lower triplet of orbitals is com- 
pletely filled and the remaining three electrons must 
be placed in the upper doublet either as (3d,:)* 
(3dz2_,2)' or as (3dz2)!(3dz2_42)*.. The cupric ion in a 
regular octahedral field thus has an orbitally degen- 
erate electronic ground state. Now Jahn and Teller 
have shown® that if the electronic state of a non- 
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duz,dvz 
ISOLATED 10M REGULAR DISTORTED 
OCTAMEDRAL PIELD 


Fig. 1. Orbital energy-level scheme for octahedral and distorted 
octahedral cupric ion 


linear molecule is degenerate, then there is always at 
least one vibrational co-ordinate along which the 
molecule may become distorted so as to lower its 
energy, the extent of the distortion increasing with 
the bonding or anti-bonding power of the degenerate 
electrons. Applying this idea to the octahedral 
cupric complex, we can see that if the four ligands 
in the zy-plane move towards the metal and the two 
along the z-axis simultaneously move away, then by 
argaments similar to those used before, the eg-doublet 
splits into two levels, dz: being somewhat stabilized 
and d,z:_y: destabilized. A corresponding splitting of 
the lower triplet also occurs, leading to the situation 
shown in Fig. 1. The cupric complex can thus 


achieve extra stability by becoming distorted from 
regular octahedral symmetry so as to leave the 
uppermost d,;:-y: orbital only singly occupied, and 
the distortion proceeds until any further stability 
gained is just balanced by the energy required to 


stretch and compress the bonds. 

In the Jahn-Teller effect proper, there are usually 
sets of equivalent distortions in different directions. 
An isolated octahedral complex, for example, could 
become distorted along any one of three mutually 
perpendicular directions, and the molecule would 
then spend one-third of the time in each distorted 
configuration. In a crystal, if the distortion is large, 
the lattice may adjust itself to one particular dis- 
tortion and effectively trap. the molecules in one 
configuration. This is what has happened in each of 
our examples. A very interesting case where trapping 
occurs at low temperatures but not at higher ‘ones 
has been discussed by Bleaney and Bowers’. 

It must be pointed out that the Jahn-Teller 
theorem does not determine the direction in which a 
molecule with a degenerate ground state will become 
distorted. For example, a cupric complex with two 
short and four long bonds would be quite compatible 
with the theory. The apparent absence of such com- 
plexes depends on features of the variation of the 
electronic energy with configuration which are not at 
present fully understood. 

If the six ligands are not identical, a regular octa- 
hedral environment is by definition impossible. None 
the less, the physical picture is unchanged although 
the eg-orbitals are no longer strictly degenerate. In 
these circumstances, there will be a tendency for 
those ligands which have the smallest fields to be 
farthest from the metal and vice versa. The relative 
magnitudes of the fields produced by different ligands 
can be assessed from spectral studies. In order of 
increasing field-strength for ligands which are com- 
monly associated with the cupric ion we have : 


bromide < chloride < water < pyridine < 
ammonia < ethylene diamine‘ 
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Since we have neglected all factors other than the 
d-orbital energies, this theory is incomplete and it 
cannot be expected to apply where extraneous 
features such as steric hindrance, chelation, double 
bonding, etc., are present. Nevertheless, it provides 
a useful rationalization of the data of Table 1 (and of 
our new experimental data, vide infra), since if two 
ligands are present the long bonds are always directed 
to the one with the weaker field. 

Van Vleck’’ has studied the Jahn-Teller effect tor 
the d' and d* configurations which have degenerate 
ground-states and has found it to be small. This 
does not invalidate the present approach, for in the 
cases studied by Van Vleck the degeneracy is due to 
teg electrons. From molecular orbital theory it can 
be shown that the ?¢,,-electrons are non-bonding, 
whereas the ég-electrons are strongly anti-bonding. 
Accordingly, degeneracy of t,g-electrons will produce 
only small distortions from octahedral symmetry, 
while degeneracy of eg electrons should produce 
larger ones. ‘| his argument leads to the prediction that 
large distortions from octahedral symmetry should 
occur only for the configurations (¢,g)*(eg)', (tzg)*(eg)' 
and (tzg)*(ey)*; that is, for four 3d electrons all 
unpaired (high spin Cr?+, Mn**+), for six 3d electrons 
paired in ¢,, and one unpaired in eg (low spin Co*+), 
and for nine 3d electrons (Cu*+). No structural 
information is available except for the cupric 
compounds. 

We have shown that the occurrence of distorted 
octahedral or planar complexes of cupric ion can be 
understood if the single hole in the 3d-shell occurs in 
the d,_,-orbital. This, in the electrostatic theory, 
leads to less shielding of ligands in the zy-plane than 
of those along the z-axis, and hence to the formation 
of four short and two long bonds. A similar explana- 
tion holds in molecular-orbital theory, since the 
anti-bonding combination involving the dz:_,:-orbital 
contains only one electron whereas that involving 
the d,:-orbital contains two. 

Our arguments are strengthened by two examples 
where substitution of the cupric ion for another 
divalent ion results in the formation of a related 
though significantly different structure in which a 
distorted octahedral environment of the cupric ion 
is attained. The first example comes from a com- 
parison of the crystal structures of CoCl,.2H,O ™ and 
CuCl,.2H,O !*18, which are very closely related. The 
former is monoclinic, a = 7:31,6 = 8-54,c = 3-58A., 
8 = 97° 30’, space group C2/m; the latter is ortho- 
rhombic, @ = 7°38, b = 8-04, c = 3-72A., space 
group Pbmn. Both unit cells contain two molecules. 
Despite the difference in the crystal class, the two 
structures projected down their respective c-axes 
appear to be almost identical. Both structures con- 
sist of chains running parallel to the c-axis, but there 
is an important difference. The square coplanar 
arrangement of the four chlorine atoms about each 
cobalt atom is replaced by a rectangular arrange- 
ment in the copper structure. In both cases the 
water molecules are situated on lines normal to the 
planes containing the chlorine atoms. The structures 
are represented diagrammatically in Fig. 2 and the 
relevant interatomic distances (in A.) are: 


CoCl,.2H,O 4Cl at 2-53, 2H,O at 1-93 
CuCl,.2H,O 2Cl at 2-26, 2 Cl at 2-92, 
2H,0 at 2-01 '3 
2Cl at 2-31, 2Cl at 2-98, 

2H,0 at 2-01 3* 
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(2) (3) 


Fig. 2. Comparison of structures of CoCl,.2H,O and CuCl,.2H,.0 : 

(1) structures projected down respective ¢-axes ; (2) projection of 

CoCl,.2H,O chain down b-axis; (3) projection of CuCl,.2H,0 
chain down b-axis 


Two independent determinations are available for 
CuCl,.2H,0O. 

Our second example arises from a redetermination 
of the crystal structures of cobalt dipyridine di- 
chloride and of copper dipyridine dichloride, both 
of which were earlier reported to be square coplanar 
complexes'*. The new results show that the former 
is monoclinic, with a pseudo-orthorhombic C-centred 
unit cell, a = 34-42, b = 17:38,c = 3-66A., y = 90°, 
containing eight molecules, space group (of corre- 
sponding primitive cell) P2/b; the latter is mono- 
clinic, a = 17-00, b = 8-59, c = 3-87 A., B = 91° 52’, 
space group P2,/n, containing two molecules. 
Although there is an obvious relationship between 
the two unit cells, the symmetry elements are 
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(1) (2) 


Projections of (1) Cupy,Cl, and (2) Copy,Cl, chains down 
the respective b-axes 


Fig. 4. 
different (note that the symmetry axis is c in the 
former and 6 in the latter). In the cobalt structure 
there are two formally non-equivalent sets of mole- 
cules which possess two-fold axes of symmetry ; in 
the copper structure the molecules are centro- 
symmetric. As in the former example, the two 
structures appear virtually identical when viewed 
in projection down their respective c-axes (Fig. 3), but 
they are significantly different when the z-co-ordin- 
ates are taken into account (Fig. 4). Both structures 
contain polymeric chains similar to those in the 
corresponding dihydrates, pyridine taking the place 
of the water molecules, with consequent alteration in 
the packing of the chains. Once again the environ- 
ment of the copper atoms is a distorted version of 
the more regular environment of the cobalt atoms, 
so as to achieve four short bonds in a plane with two 
weaker bonds normal to this plane. The interatomic 
distances (in A.) are: 


Copy,Cl, 4Clat 2-49, 2N at 2-14 








Cupy,Cl, 2Clat 2-28, 2Cl at 3-05, 
2N at 2-02 


The shorter copper-—chlorine 
distances appear to be remark- 
ably constant throughout the 
series of compounds, CuCl, 
2-30 A.) #*, CuCl,.2H,O (2-31 ¥ 
and 2-26 A.'* from two separate 
determinations), K,CuCl,.2H,O 
(2-32 A.)!7, CsCuCl, (2-30 A.)!8, 
Cupy,Cl, (2-28 A.)'*, varying by 
scarcely more than the individual 
errors of measurement. The 
distances to the more weakly 
bound chlorine atoms, 2-95, 2-98 
(2-92), 2-95, 2-65 and 3-05A., 








respectively, extend over a larger 
range, but this is only to be 
expected from the general man- 








ner in which potential energy 
varies with internuclear dist- 
ance. 

Full details of the crystal 
structures of cobalt dipyridine 
chloride and copper dipyridine 
dichloride have been submitted 
for publication elsewhere", 

Notes added in proof. Our 
attention has been directed to 
transition-metal oxides by a 
paper’® on the structure of 
CuFe,0,. It is a tetragonally 
distorted inverse spinel in which 
the oxygen octahedra about 
the Cu*+ ions are elongated 








Fig. 3. Electron density projections of copper dipyridine chloride (above) and cobalt dipyridine 
chloride (below) down their respective c-axes 








in the c-direction. (The FeO, 
tetrahedra are, however, quite 
regular.) A search of the 
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literature has revealed a number of Mn*+ oxides 
which have similar distorted structures, for ex- 
ample, Mn*+Mn,*+O, (hausmannite)**, ZnMn,O, 
(hetzrolite)*°, y-Mn,O, #4 and MnO(OH) (manganite)**. 
These results confirm our prediction’ that a large 
Jahn-Teller distortion should occur for the d‘ con- 
figuration. Distortions from cubic symmetry are 
either absent or extremely small in octahedrally 
co-ordinated oxides of metal ions which have 3, 5, 
6, 7 or 8 d-electrons. This also is in agreement with 
the theory. Two further examples of complexes con- 
taining 4 and 9 d-electrons respectively, which become 
distorted in the way which our theory predicts, have 
just been reported. Manganic fluoride*, MnF,, is a 
distorted form of the VF-type transition metal tri- 
fluoride structure**, while copper fluoride, CuF,, has a 
distorted rutile-type structure*® in contrast to the 
undistorted rutile structures** of MnF,, FeF,, CoF, 
and NiF, ?°. 

' Felsenfeld, G., Proc. Roy. Soc., A, 236, 506 (1956). 

Pauling, L., “The Nature of the Chemical Bond”, 104 (2nd edit.) 

(Cornell Univ. Press, 1940). 
> Wells, A. F., “Structural Inorganic Chemistry”, 622 (2nd edit.) 
(Oxford Univ. Press, 1950). 
‘ Bleaney, B., and Stevens, K. W. H., “Rep. Prog. Phys.’’, 16, 108 


(1953). Bowers, K. D., and Owen, J., “Rep. Prog. Phys.’”’, 18, 
304 (1955). 
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* Bjerrum, J., Ballhausen, C. J., and Jorgensen, C. I., Acta Chem. 
Scand., 8, 1275 (1954). , , “ 


* Orgel, L. E., J. Chem. Phys., 28, 1004 (1955). 


” Orgel, L. E., J. Chem. Soc., 4756 (1952); Proc. 10th Solvay Con- 
ference in Chemistry, Brussels (1956). 


* Jahn, H. A., and Teller, E., Proc. Roy. Soc., A, 161, 220 (1937). 

* Bleaney, B., and Bowers, K. D., Proc. Phys. Soc., A, 65, 667 (1952). 

*® Van Vieck, J. H., J. Chem. Phys., 7, 472 (1939). 

” Vainstein, B. I., Doklady Akad. Nauk, S.S.S.R., 68, 301 (1949). 

" Harker, D., Z. Krist., 93, 136 (1936). 

? MacGillavry, C. H., and Bijvoet, J. M., Z. Krist., 94, 231 (1936). 

1* Dunitz, J. D., Acta Cryst. (to be published). 

** Cox, E. G., Sharrett, E., Wardlaw, W., and Webster, K. C., J. Chem. 
Soc., 129 (1936). Cox, E. G., Shorter, A. J., Wardlaw, W., and 
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MOLECULAR STRUCTURE AND CARCINOGENIC ACTIVITY OF 
1.2:8.9 DIBENZACRIDINE 


By R. MASON 
Department of Chemical Crystallography, University College, London, W.C.! 


GREEMENT between crystallographic determ- 

inations and_ theoretical predictions of 
bond-lengths in aromatic molecules has not been 
quantitative, although the usefulness of the frac- 
tional bond-order concept has been confirmed. Such 
discrepancies as do exist can be accounted for in 
three ways: (1) the bond-lengths as measured in the 
solid state may not be identical with those for ‘free’ 
molecules ; (2) the experimental method may be less 
accurate than previous estimates of accuracy would 
imply ; (3) the theoretical predictions are derived 
from approximations which may not closely repre- 
sent the real situation in the molecules, and may not 
be adequately allowed for in the empirical bond- 
order — bond-length curve. 

If the last of these explanations is responsible for 
the majority of the supposedly significant dis- 
crepancies, any theories of biological activity which 
relate this activity to particular properties of 
molecular structure must be open to considerable 
doubt. Theories of carcinogenic activity in terms of 
the electron distribution and associated properties of 
polycyclic aromatic molecules have been summarized 
recently by Pullman and Pullman’. These theories 
rely on small differences in local electronic dis- 
tribution to explain considerable variation of physio- 
pathological activity. 

To assess the validity of these theories, the crystal 
and molecular structures of the carcinogenic methyl 
1.2-benzanthracenes and the biscyclic dibenzacridines 
have been investigated. The methyl benzanthracenes, 
however, do not constitute suitable material for 
accurate molecular structure analysis and have only 
been investigated to a stage where the concept of 


‘incumbrance area’ and its relation to activity could 
be commented upon’. 

The biscyclic dibenzacridines are an interesting 
group of isomers since, in addition to demonstrating 
@ variation of carcinogenic activity, they form well- 
defined crystalline complexes with purines and 
nucleic acids*. Accurate molecular structure analysis 
of the carcinogen and carcinogen—purine complex 
could therefore be used not only to test the Pullman 
theory, but also to indicate the nature of the inter- 
molecular forces within the complex. This in turn 
might throw some light on the mechanism of 
carcinogenesis. 

The preliminary crystal data for the dibenzacrid- 
ines have already been published?. The refinement 
of 1.2: 8.9-dibenzacridine is virtually complete (the 
conventional discrepancy factor for this kind of 


+> 7 
ae = ed has been reduced to 
x |Fo| 

3-5 per cent) and we may compare the molecular 
dimensions thus determined with the theoretical 
model which Dr. H. O. Pritchard and I have cal- 
culated, the full details of which will be published 
later. 

Experimental values for the chemically identical 
but crystallographically non-equivalent bonds of the 
molecule are given in the first column of Table 1. 
Usual statistical methods suggest an average probable 
error of 0-010 A. for these lengths (average estimated 
standard deviation 0-003 A.). For two chemically 
equivalent bonds, the maximum deviation from the 
mean value is 0:009A., the root mean square 
deviation being 0-005 A. 


analysis, R = 








Fig. 1 


-Bond-orders have been calculated by the simple 
linear combination of atomic orbital— molecular 
orbital approximation with parameters (« + 0-5 8) 
and (« + 0-18) for nitrogen and carbon’, respectively. 
Two procedures for converting these bond-orders 
into theoretical bond-lengths will be discussed. 

(1) The lengths may be obtained by using the 
equation 





S-—D 
i3 = § ~—_ = 
Rij - (8) (1) 
baton" Oi; 


where S and D are the single- and double-bond 
distances, respectively, between carbon atoms in an 
sp? state of hybridization and Oj is the mobile 
bond-order for the bond between any two atoms 7 
and 7. Evidence from C—H bond-lengths with carbon 
in various states of hybridization suggests the values 
of 1-510 A. and 1-353 A. for S and D, respectively ; 
the best value of x which will minimize the devia- 
tions between the experimental and calculated 
lengths for this investigation is 0-85. The root 
mean square deviation of the calculated lengths 
(Table 1, A) from the mean observed lengths is 
0-007, A. This is fairly satisfactory, but several 
individual differences exist which in a statistical 
sense are significantly larger than experimental 
errors can account for. This applies particularly to 


the bonds C(3)—C(4) and C(4)—C(12), for which , 


the deviations between experiment and theory are 
0-012 A. and 0-014A., respectively. It is clear that 
these bond-lengths are not adequately predicted by 
the simple theoretical method if equation (1) con- 
stitutes a wholly satisfactory method of deriving 
bond-lengths from bond-orders. 

(2) Bond-lengths may also be derived from the 
bond-orders by evaluating a mean experimental 
bond-order —bond-length relation. The total bond- 
orders (the o-bond-order is assumed to be constant 
and equal to unity) of all the C—C bonds are plotted 

















Table 1 
} j 
| Experimental Calculated | 
| | bond-lengths (A.) bond-lengths (A.) 
Bond | ; B (from 
(see Unweighted A (from experimental! 
Fig. mean equation 1) bond-order- 
1) bond-length 
| curve) 
11-N | 1-362 and 1-355 1-358 1-358 1-358 
1-11] 1-449 and 1-435 1-442 1-432 1-446 
1-15} 1-418 and 1-418 1-418 1-411 1-410 
15-16} 1-377 and 1-393 1-385 1-395 1-336 
16-17| 1-399 and 1-406 1-403 1-406 1-402 
17-18} 1-378 and 1-394 1-386 1-394 1-386 
18-2 1-403 and 1-421 1-412 1-413 1-412 
2-3 | 1-423 and 1-428 1-426 1-425 1-435 
3-4 | 1-369 and 1-373 1-371 1-383 1-371 
4-12} 1-439 and 1-441 1-440 1-426 1-436 
12-5 | 1-399 and 1-410 1-405 1-408 1-406 
1-2 | 1-427 and 1-429 1-428 | 1-419 1-423 
11-12| 1-423 and 1-433 1-428 | 1-428 1-430 
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against the average experimental lengths and the 
order—length relation for this particular molecule is 
derived by finding the best curve through these 
points. This procedure is legitimate, because there 
are only three theorstical parameters, S, D and x, 
to be derived from twelve experimental observations. 
This experimental curve (Fig. 2) predicts a bond- 
length of 1-393 A. for benzene as compared with 
1-392 A. determined by X-ray crystallographic 
measurements’ and 1-397 A. measured spectro- 
scopically® ; graphite has a predicted carbon-carbon 
distance of 1-425 A. (experiment 1-421 A.)’?. The 
root mean square deviation of the calculated lengths 
from the mean experimental lengths in 1.2: 8.9- 
dibenzacridine is now 0-004A., and there are no 
significant differences between theoretical and experi- 
mental lengths for any bond in the molecule. 

The present results therefore suggest that choice 
of an appropriate bond-order —bond-length relation 
is @ matter of importance, which is contrary to 
the conclusions reached by Pritchard and Sumner 
in their investigations of the bond-lengths in 
anthracene and naphthalene’. A re-investigation of 
the molecular structure of anthracene by Cruick- 
shank using the original three-dimensional data has 
recently been completed* ; Dr. H. J. Grenville-Wells 
and I, using new experimental data, have shown that 
the more sophisticated modifications of the molecular 
orbital method which Pritchard and Sumner sug- 
gested for anthracene agree well with our present 
experimental values, but our structure refinement is 
not yet complete. 

Within the experimental errors of the investigation, 
the molecule of 1.2 : 8.9-dibenzacridine is planar, and 
chemically equivalent bonds are indistinguishable. 
Our results suggest that the molecules we have 
investigated retain their chemical symmetry in the 
crystal lattice, which, when considered with results 
such as those mentioned earlier for benzene, indicate 
that bond-lengths measured accurately by X-ray 
diffraction techniques are identical, within experi- 
mental error, with those measured in the vapour 
phase. It is only when major steric hindrance effects 
determine the molecular packing in the crystal lattice 
that this may not apply. 

It can be concluded that bond-orders calculated 
by simple molecular orbital approximations will give 
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bond-lengths which are correct to 0:01. A. More 
detailed theoretical calculations such as those for 
naphthalene and anthracene may be needed before 
small differences of electronic distribution within the 
molecules can be accepted as an explanation of 
variations of biological activity. 

These investigations are being carried out during 
the tenure of a research grant of the British Empire 
Cancer Campaign. 
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DISTRIBUTION OF ELECTROPHORETICALLY DIFFERENT 
HAMOGLOBINS AMONG CATTLE BREEDS 
OF GREAT BRITAIN 


By A. D. BANGHAM 
Agricultural Research Council, Institute of Animal Physiology, Babraham Hall, Babraham, Cambridge 


> LECTROPHORETICALLY distinct hemoglobins 
have been found among human beings! and 
sheep*. Using paper electrophoresis, Cabannes and 
Serain® have shown that adult bovine hemoglobin 
exists in two types among Algerian hill cattle. The 
present article offers data to show the mode of 
inheritance, and the distribution among different 
breeds, of the factors controlling the presence of two 
types of adult bovine hemoglobin. 

The genetical studies were made on the data from 
150 matings of three local herds in which both 
hemoglobins occurred. Information on the breed 
distribution of the hemoglobin types was obtained 
from 270 stud bulls maintained at the Milk Marketing 
Board Artificial Insemination Centres in England 
and Wales. 

Electrophoresis separations were carried out on 
horizontal strips of Whatman 531 filter paper soaked 
in barbitone buffer at pH 8-6 and ionic strength 0-05. 
Drops of size 1-5 microlitres of an approximately 
10 per cent solution of hemoglobin were put on the 
paper with a wire loop. Runs were made in an 
ambient temperature of 5° C. with a d.c. potential of 
10 volts per centimetre applied for 18 hr. The papers 
were stained for two minutes with 2 per cent light 
green (Messrs. George T. Gurr, Ltd.) in 3 per cent 
trichloracetic acid and washed to a white back- 
ground in 4 per cent acetic acid. 

In relation to each other the two hemoglobins 
are here called Bov. A and Bov. B. This nomen- 
clature is intended to anticipate the description of 
yet other electrophoretically distinct hemoglobins in 
Bovide and yet avoid confusion with the established 
alphabetic series for human hemoglobins. The 
mobility of the Bov. B hemoglobin was greater than 
that of the Bov. A, which, in turn, was slightly less 
than human type A. These results accord with those 
of Cabannes and Serain*. 

A preliminary survey showed that the hemoglobin 
type Bov. B could be confused electrophoretically 
with a type found in new-born Shorthorn calves. 
This latter type was thought to be foetal haemoglobin 
since it was observed to disappear in from 50 to 70 
days, coinciding with the loss of a very rapidly 
denatured hemoglobin fraction as tested with N/10 
sodium hydroxide. In order to avoid any possible 
confusion, therefore, only animals more than 


Table 1. CROSS AND THEIR RECIPROCALS : SIRE, DAM AND DAUGHTERS 
tN JERSEY AND GUERNSEY HERD: 














Genotype Offspring 
Bov. A/ Bov. A/ Bov. B/ 

Parents Bov. A Bov.B Bov. B 
Bov. A/Bov. A x Bov. A/Bov. A 1 
Bov. A/Bov. A x Bov. A/Bov. B 15 13 
Bov. A/Bov. B « Bov. A/Bov. B 3 22 5 
Bov. A/Bov. A = Bov. B/Bov. B 38 
Bov. A/Bov. B x Bov. B/Bov. B 23 23 
Bov. B/Bov. B x Bov. B/Bov. B 7 











three months old were included in the genetical 
data. 

Table 1 describes the types of hemoglobin in num- 
bers of matings from one Guernsey and five Jersey 
herds. It will be seen that a calf did not possess a . 
hemoglobin lacking in its parents, and that each 
hemoglobin could exist in the presence of the other. 
From this it is inferred that the different hemo- 
globins of these animals could be controlled by a 
pair of allelomorphic genes, neither of which shows 
either dominance or recessivity and both being 
readily recognizable in the heterozygote. 

Table 2 gives the type of hemoglobin found in 271 
stud bulls in artificial insemination centres of common 
breeds of the British Isles. It will be seen that 
hemoglobin type Bov. B was found only in the 
Jersey, Guernsey and South Devon breeds. Though 
@ rather small number of animals were examined, it 
should be pointed out that each animal is con- 
tributing one or other gene to a thousand or so head 
of cattle per annum‘. 


























Table 2 
Nos. with hemoglobin type 

Phenotype Boy. B/Bov. B | Bov. A/Bov. B{ Bov. A/Bov. A 
Shorthorn 33 
Ayrshire 38 

riesian 35 
Hereford 28 
Welsh Black 7 
Aberdeen Angus 13 
North Devon 19 
Red Poll 5 
Sussex 4 
Dexter 6 
Galloway 1 
Jersey 4 22 10 
Guernsey 2 10 21 
South Devon 1 5 7 

Total 7 37 227 | 
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From the results given, there emerge two 
points of some interest. First, one is legitimately 
entitled to speculate about the genealogy of the 
Jersey, Guernsey and South Devon cattle. Dis- 
cussing the Jersey breed, Boston® traces one slender 
but probable line from the cattle of the Indus valley, 
through Mesopotamia, Egypt and North Africa into 
Southern Spain. These speculations assume a more 
interesting aspect when we realize that Cabannes and 
Serain® described two variants of hemoglobin in 
unselected Algerian Hill cattle. Our results, there- 
fore, invite a search for other living common ancestors 
to the Jersey, Guernsey and South Devon breeds. 

Secondly, unlike the situation in human beings, 
where possession of a double dose of any one of the 
genes Hb S, C and E is associated with degrees of 
disease, one has not observed nor been informed of 
any ill health in any examples of homozygous animals 
examined. It is possible, of course, that the presence 
of one or other hemoglobins may confer some 
advantage or disadvantage to health in other parts 
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of the world, and it would be of economic importance 
to know whether the Bov. B gene was in some wa) 
associated with the ability of Jersey, Guernsey and 
South Devon cattle to produce milk having unusually 
high butter-fat percentages. 

Among the many people I should like to acknow- 
ledge in the preparation of this article are Sir Alan 
Drury and Dr. J. G. Hall for criticism, advice and 
encouragement ; Sir Claude Frankau, Mr. H. D. Wal 
ston and Mr. 1. H. Lamb for access to their herds ; to 
Mr. G. F. Smith, of the Milk Marketing Board, fo: 
arranging access to the Board’s bulls; and loyal 
and patient technical help from Mr. A. Bernard. 
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AGE DETERMINATION OF THE INDIAN MAJOR CARP CIRRHINA 
MRIGALA (HAM.) BY MEANS OF SCALES 


By Dg. V. G. JHINGRAN 


Central Inland Fisheries Research Sub-station, Allahabad, India 


URING the course of work on the fisheries 

biology of the Indian major carp, Cirrhina 
mrigala (Ham.), from the River Ganga at Buxar, in 
Bihar, certain concentric markings on its scales were 
observed in 1952 (Fig. 1). These markings, dis- 
cernible from the adjacent portions of the scales, 
due to either closer packing of these markings or 
breaks in their continuity, are believed to have 
significance as indicators of the age of this fish. In 
the absence of any hitherto known tool of age 
determination of mrigal, and pending results of a 
study of the scales for age determination, the length 
frequency distribution has been studied in order to 
elucidate the behaviour of year- 
classes and the growth of this 
species. 

A total of 5,179 specimens of all 
available sizes in the commercial 
catches was measured and weighed 
during the period June 1952—July 
1956. These monthly data were 
utilized for verifying the results 
obtained by scale studies of this 
species. For the latter, four 
thousand scales, from 807 specimens 
of the size range 103 -0—1,010-0 mm. 
in total length, collected in various 
months during the period June 
1952—October 1955, all picked from 
the region directly below the dorsal 
fin and above the lateral line, were 
examined. Since the scales attain a 
fairly large size, the only optical aid 
occasionally felt necessary to de- 
marcate annuli-like markings was 
an ordinary magnifying lens. In the 
majority of cases, however, the 
checks were clearly visible to the 


Fig. 1. 


naked eye when the scales were held against an open 
window or a door in an otherwise darkened room. 
Appropriate linear measurements of the distance be- 
tween the scale foci and the approximate mid-points of 
the various annuli and the scale margins, along the 
antero-posterior axes at the scale centres, were taken 
directly on the scale surface by means of a scale 
divided into half-millimetres. Intermediate lengths 
were calculated for each fish individually after 
statistically ascertaining a direct proportion between 
size of scale and length of fish, using the formula: 


rh e ; a, where L is the length of the fish from 


1 


Photographs of scales of two mrigal measuring 762-0 mm. and 997-3 mm., 
showing four aoe = annuli, respectively. Scales were used as negatives fur making 
these prints. 


Magnification : a, about 2 x ; b, about 1-3 x 
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catches consist of juvenile forms. In 
Fig. 2B all the six curves are drawn by 
visual inspection, retaining the positions 
of the modes accurately but not the rela- 
tive heights of the peaks in the last 
three years. This figure, being based on 
the calculations of intermediate lengths 





Frequency (per cent) 





of an arbitrarily chosen number of fish, 
at the time of formation of the first six 
annuli, does not reflect the mortality in 
the population, and in that respect is not 
comparable with Fig. 2A. However, the 
close correspondence of the modes, 
especially those representing the earlier 
years (which are customarily used in 
such studies), is clearly seen in Fig. 2, 
and is regarded as evidence that the 
markings are correctly interpreted as 
annuli. 

Since these alternative methods of 
inquiry, which are absolutely inde- 





407 497 587 677 767 


Total length (mm.) 


317 


137 227 
Fig. 2. 
tribution (A) 


which scales were taken ; L, is the length of the fish 
at the time of formation of an annulus; Il is the 
length of the scale from the focus to the anterior 
apex of the scale and 1, is the distance between the 
focus and each annulus. A correlation coefficient of 
+ 0-96 was found between scale-lengths (focus to 
margin) and fish-lengths (total length) based on 764 
observations. ‘The value of r would undoubtedly be 
still closer to unity were scales from exactly the same 
location taken for the study of this correlasion. But, 
since in the present work the scales were picked from 
the same general location a value of r of + 0-96 is 
considered high enough to warrant the use of the 
formula stated above. A frequency distribution of 
the sizes of fish at the time of formation 
of various checks, which may be tentatively 
termed ‘age-in-years’, has therefore been drawn 
(Fig. 2B). 

While in the cases of specimens older than about 
four years the annuli located towards the periphery 
of the scale were rather crowded together, in a large 
number of cases of younger fish the outermost 
annulus was found close to, or at, the margin of tho 
scale in samples collected during the mouths March-— 
June. From this it was tentatively inferred that the 
annuli are laid down in spring or summer months. 
Probable reasons for this will be mentioned later. In 
order, therefore, to compare the growth picture, 
elucidated by a study of the scales (Fig. 2B), with 
that obtained by the length-frequency distribution 
method, the data collected for the latter during the 
months March—June in the four-year period 1953-56 
were pooled, and the combined data are shown 
graphically in Fig. 2A. It will be noticed from this 
figure that the modes for fish older than two years 
are rather ill-defined. This is probably due to the 
inherent drawback of overlapping of year-classes in 
the length-frequency distribution study, and also 
because the samples examined are believed to be 
representative of the population and the relative 
numbers of fish, so that the modes may reflect 
mortality obtaining between successive year-classes. 
This fishery has been intensely practised for genera- 
tions, and there is little wonder that the bulk of the 


Comparison of sizes attained by mrigal at the time of formation of 
the first six annuli (B) with the modes observed in length-frequency dis- 


pendent of each other, have led to 
very nearly the same results, it is highly 
probable that mrigal scales show true 
age-rings on their surface. The line of 
approach presented here is rather in- 
direct, and a final verdict on the issue 
will only be obtained when proper marking experi- 
ments are conducted or the so-called ‘known age 
method’ used by Van Oosten! and Applegate? is ap- 
plied, or further correlations with length-frequency 
data pursuing individual good brood years are 
studied, 

Investigations extending over a full year on the 
feeding of mrigal, conducted by another worker of 
this sub-station, have shown that in mrigal, of all 
sizes, intensity of feeding is very low during spring 
and summer months. ‘This suggests that the cause 
of annulus formation is probably starvation. The 
fish feeds largely on decaying organic debris on the 
bottom, but whether starvation is due to want of 
food supply in the environment or some other cause 
is at present not known. It is known, however, that 
the gonads of two-year and older fish rapidly mature 
or revive during the spring and summer months, and 
the fish breeds as soon as the monsoons break in late 
June or early July. 

Not much critical work on age determination of 
Indian species of fish, by means of their scales, has 
been done, although references to markings on 
scales, possibly of significance in age determinations, 
have been made by a number of Indian workers. 
Delsman* and Hardenbergt have expressed very 
sceptical views on age determination of tropical 
fishes. However, the investigations of Seshappa and 
Bhimachar‘ and Pillay*, and that reported here, go 
to prove the contrary. The successful age determ- 
ination of mrigal opens new fields of investigation of 
the natural history of this species, and it is hoped 
that it will lead to the evolution of a sound manage- 
ment policy of the fishery of this important Indian 
freshwater fish. A detailed account of the present 
investigation, with an account of growth of mrigal, 
are being published elsewhere. 
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By Dr. R. VRBA, JAROSLAVA FOLBERGR 


AND 


V. KANTUREK 


INCE 1922, when Tashiro! discovered that a 

stimulated nerve in vitro releases increased 
amounts of ammonia, results of many experiments 
have been published showing that activity of nervous 
tissue such as reaction to stimuli is connected with 
the formation of ammonia. These facts have been 
reviewed several times recently?. 

In an attempt to discover the source of this 
ammonia, we have come to the conclusion, based on 
experiments in vivo, that its source is an amidic 
functional group of brain proteins*. In the experi- 
ments to be reported here, we have used guinea pig 
brain cortex slices, as these form on incubation in 
Krebs-Ringer saline (no substrate added) consider- 
able amounts of ammonia‘. We have found that about 
one-quarter of the ammonia formed during incubation 
for 4 hr. of guinea pig brain cortex slices may be 
accounted for by the splitting of protein-bound 
amidic bonds. 

As may be seen from Table 1, during incubation 
of slices appreciable accumulation of ammonia occurs 
(row a). At the same time, the protein-bound amide 
nitrogen shows a tendency to decrease; but these 
amide bonds account only for about a quarter of the 
’ ammonia formed. In another set of experiments we 
observed that after incubation for 6 hr. of slices in 
absence of added substrate, about half the ammonia 
formed may be accounted for by the splitting of 
these amide bonds. We assume that the observed 
decrease of protein-bound amide bonds is not caused 
by glutamine splitting off from proteins in the course 
of usual proteolytic processes. During incubation of 
guinea pig brain cortex slices in absence of added 
substrate no free glutamine accumulates in the media, 
as was shown by Weil-Malherbe and Green®. The 


same authors have demonstrated that free glutamine 
is not the source of ammonia in incubated brain 
cortex slices. This means that free ammonia accum- 
ulation in the media should not be considered only 





Table 1. CHANGES OF AMMONIA NITROGEN, NON-PROTEIN NITROGEN, PROTEIN-BOUND AMIDE NITROGEN AND TRICHLORACETIO ACID-NON-SOLUBLE 
Pia BRAIN CORTEX SLICES DURING 4 HR. INCUBATION IN KREBS-RINGER PHOSPHATE WITHOUT ADDED SUBSTRATE 


NITROGEN IN GUINEA 


Institute of Industrial Hygiene and Occupational Diseases, Prague 2 


as @ secondary consequence of the splitting of free 
glutamine formed by processes of proteolysis. Our 
interpretation is supported by the fact that we did 
not observe a statistically significant decrease of 
trichloracetic acid—non-soluble nitrogen in incubated 
slices, which shows that processes of proteolysis are 
very slow, indeed almost negligible, in our experi- 
ments. In agreement with this is the finding that 
the amount of accumulated non-protein nitrogen in 
this set of experiments (Table 1) is only about 1-5 per 
cent of the whole trichloracetic acid—non-soluble 
nitrogen of slices, and this too shows insignificant 
proteolysis in the slices of our experiments. Further- 
more, these experiments show that the splitting of a 
protein-bound amide bond may account for a part 
of the ammonia formed, but that ammonia formation 
in brain slices is a complex process, ammonia being 
formed from several, at least two, sources. This is 
in accordance with the experiments of Weil-Malherbe 
and Green’, who showed the complexity of ammonia 
formation in guinea pig brain cortex slices. 

We have further observed in our experiments that 
during the incubation of brain slices there occurs a 
considerable increase in the amount of ‘lipid nitrogen’, 
that is, there is an increase in the amount of nitrogen- 
containing substances extractable with organic sol- 
vents at room temperature (Table 2). The extraction 
was carried out successively with acetone, aleohol— 
ether (3 : 1 v/v), chloroform—methanol (2: 1 v/v) and 
ether. We assume that decomposition of a complex 
between proteins and lipids occurs, following which 
there is an increase in the amount of ‘lipid nitrogen’, 
that is, nitrogen substances, extractable with organic 
solvents. It is well known that complexes between 
lipids and proteins exist (see ref. 6), though at present 
little is known of the physiological significance of 
these complexes. During the incubation of guinea 
pig brain cortex slices, an increase of ‘lipid nitrogen’ 
takes place, which obviously is a consequence of 






ts expressed in uwmoles nitrogen/gm. fresh weight of slices 
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- Initial | Final | difference 
a NH,-N No of observations 17 17 | 
average ’ 69 ! 23-8 | + 16-9 P<001 24-1 
range 4+5-9-7 | 14-2-31-8 + 0-7t 
| b NPN No. of observations 17 | 17 | 
[ average 165-9 199-1 + 33-2 P<001 5-35 | 
| range 139 -0-242 -5 132 -0-273 -2 +62 
| e NPN corrected (NPN | No. of observations 17 7 | 
| minus NH,-N) | average 159-1 174-5 + 15-4 P< 0-02 2-65 
range 130 -6-234-1 109-7-241-4 +58 | 
i @ | Protein-bound | No. of observations 15 15 | 
amide-N | average 83-3 79-5 — 3-8 | P < 0-02 2-54 
range 73 0-106 -2 74-3-101-0 +155 
| TCA-non-soluble N | No. of observations 14 | 14 | 
ee average 1,015 968 | — 47-1 | P=02-0-1 1:49 | 
| range 905-1,143 895-1,092 | + 32-0 
' | | | 





* t, test of differences of means between paired observations 
t average of differences 

¥4, mean error of mean of average difference 

~ mean error of mean of average difference 
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Table 2. CHANGES OF ‘LIPID-NITROGEN’ IN GUINEA PIG BRAIN 
CoRTEX SLICES a 4 HR. INCUBATION IN KREBS—RINGER PHOS- 


PHATE WITHOUT ADDED SUBSTRATE 
Results expressed in umoles ‘lipid-nitrogen’/gm. fresh weight of slices 





Initial Final 








No. of observations 9 9 
Average ‘lipid-N’ c | 91 ‘Bt 
Mean error of mean* } 
Range of values 











v= A*in(n — 
= 6-42; P 2 H -001 (Student’s t-test) 


degradation processes. At the same time, ammonia 
formation occurs. It is possible that these two pro- 
cesses are inseparable. But at present we can only 
assert that though a part of the ammonia formed 
during the incubation of guinea pig brain cortex 
slices may be accounted for by the splitting of 
protein-bound amide bonds, the source of the larger 
proportion of ammonia is not yet known. But it 
may be of importance for our understanding of the 
mechanism of ammonia formation that though the 
splitting of protein-bound amide bonds shows no 
close correlation with the concentration of potassium 
ions in the medium, the other and larger part of the 
ammonia formed shows a marked dependence on the 
ionic composition of the incubation medium. 

It is known that brain slices, incubated in the 
absence of added substrate, lose their intracellular 
potassium, which diffuses into the surrounding 
incubation medium’. At the same time, ammonia 
accumulation in the medium occurs*®. If these two 
processes are inseparable, an increase of potassium 
ion concentration in the surrounding medium might 
be expected to lead not only to a decrease in the 
diffusion rate of intracellular potassium into the 
medium, but also at the same time to a decrease in 
the rate of ammonia accumulation. The results of 
our experiments agree with this assumption. 
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Fig. 1. Effect of various concentrations of potassium ions on 

a soomasintion * in ae pls brain cortex slices. KRP = 

Krebs-Ringer phospha‘ n col. 4 also KH,PO, replaced 
tte NaH,PO, 
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Each experimental batch of guinea pig brain cortex 
slices was divided into six parts. One part was 
deproteinized immediately, at zero time, with 
chloracetic acid, and the initial ammonia estimated. 
The other five parts of the batch were divided into 
Warburg flasks, containing 4 ml. Krebs-Ringer 
phosphate saline or a modified medium containing 
different concentrations of potassium ions (sodium 
salts were replaced with potassium salts, or 
vice versa). All media used were practically 
isotonic. 

The experimental results recorded in Fig. 1 show 
that the larger the extracellular concentration of 
potassium ions, the slower the rate of ammonia 
accumulation, and vice versa, diminution of the 
concentration of potassium ions (with parallel 
increase of sodium ion concentration) in the medium 
increases the rate of ammonia accumulation. When 
the initial concentration of potassium ions in the 
medium amounts to 153-1 mM, there occurs a 
marked reduction of ammonia formation, but never- 
theless a measurable amount of ammonia accum- 
ulates. The initial potassium ion concentration in 
this medium is certainly higher than the intracellular 
potassium concentration of the slices, and free efflux 
of potassium ions from the slices cannot be expected. 
Yet, even under these conditions, an appreciable 
accumulation of ammonia was observed. ‘This 
indicates that, although a great part of the accumula- 
tion of ammonia is due to a process apparently 
inseparable from the diffusion of potassium ions into 
the medium, part of the ammonia accumulates 
independently of potassium ion movements. This 
again indicates that ammonia formation in brain 
slices is @ complex process, ammonia being formed 
from various sources during the incubation of brain 
slices. At the same time, the experiments presented 
here show that ammonia formation in brain slices 
cannot be considered to be a consequence of the usual 
proteolytic processes. Thus we have observed that 
increased potassium ion concentration in the 
medium, though inhibiting ammonia formation, 
does not decrease the accumulation of non-protein 
nitrogen. 

The ammonia in this work was estimated in 
Conway units, estimation of protein-bound amide 
bonds was based on ammonia estimation after hydro- 
lysis of the trichloracetic acid—non-soluble fraction of 
slices with 20 per cent w/v hydrochloric acid for 3 hr. 
at 100° C., and the nitrogen of all other fractions 
in Conway units in aliquots after kjeldahliza- 
tion. 

We are now investigating the effects of ions on 
the metabolism of nitrogenous substances in brain 
slices and the more definite characterization of labile 
protein-bound amide bonds. Details of this work will 
appear in due course. 

We are grateful to Mrs. Rosa Ehrmann for tech- 
nical assistance. 

1 Tashiro, S., Amer. J. oe og 60, 519 (1922). 
* Weil- Malherbe, H., Physiol. Rev., 30, 548 (1950); Biochem. Soc. 
Symp., 8, i6 (i 06a) Py we 40, 545 (1953). Viadimirov, 
a. oo rin J. U.S.S.R., 89, 3 (1953). Vrba, R., Uspecht 
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176, 117 (1955); Physiol. Bohemoslov., 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Histochemical Evidence of Increased Activity 
of Hydrolytic Enzymes in the Cells of Old 
Animals 


HISTOCHEMICAL studies, mainly of dephosphoryl- 
ating enzymes, have been made on sixteen different 
organs in young (three-months old) and old (three- 
years old) rats. Substrates used were glycerophosphate, 
estrone phosphate, cortisone phosphate, pyridoxal 
phosphate, carbamyl phosphate and ethanolamine 
phosphate, and the pH used was 9-0. Evidence has 
been published!? (or has been obtained but not yet 
published) from this laboratory that these com- 
pounds are dephosphorylated probably by specific 
enzymes. 

The steroid phosphates and ethanolamine and 
carbamyl phosphates are dephosphorylated mainly 
in the nuclei. This activity is greater in the cells of 
old than in those of young animals. In addition 
there is increased activity in the cytoplasm in the 
former. Pyridoxal phosphate, which is dephos- 
phorylated mainly in the cytoplasm, also gives an 
increased reaction in old animals when it is used as a 
substrate and this is so also for glycerophosphate. 
Similar results have been obtained for simple esterase. 


Fig. 1. Ethanolamine phosphatase preparations of cells from region 

of origin of motor root of 5th nerve in young (a) and old (0) rats. 

Greater intensity of reaction in both nucleus and cytoplasm is 
apparent in the latter ’ 


Byrbye and Kirk* have shown increased 8- 
glucuronidase activity and Zorzoli‘ increased acid 
phosphatase activity in the cells of old animals. 

It is of interest in this connexion that Weinbach 
and Garbus®> have found a decrease in oxidative 
phosphorylation in liver but not in brain in old 
animals, but no change in either organ in the level of 
glycolytic phosphorylation. They also found no 
decrease in respiratory level in liver and brain in old 
animals. This latter finding can be supported from 
my observations” that there is no histochemical 
evidence of decrease in succinic dehydrogenase or 
cytochrome oxidase activity in the tissues of old 
animals and that in fact there is some evidence of 
increase. 

Irrespective of whether oxidative phosphorylation 
decreases or remains constant, a progressively in- 
creasing rate of dephosphorylation of metabolically 
important substances would lead to a similarly 
progressive decrease in concentration of these sub- 
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stances in old cells resulting in inadequate functioning 
and eventually in death. It is possible, therefore, 
that this may be one of the fundamental processes 
involved in cellular senescence. 
The present results will be presented in greater 
detail elsewhere. 
GEOFFREY H. Bourne 


Department of Histology, 
London Hospital Medical College, E.1. 
Dee. 14. 

? Bourne, G. H., J. Physiol., 124, 410 (1954). 
* Bourne, G. H., Quart. J. Micro. Sci., 95, 359 (1954). 
* Byrbye, M., and Kirk, J. E., J. Geront., 11, 33 (1956). 
* Zorzoli, A., J. Geront., 10, 156 (1955). 
* Weinbach, E. C., and Garbus, J., Nature, 178, 1225 (1956). 
* Bourne, G. H., Proc. European Conf. Gerontology, Experientia 

Supp. IV, 61 (Birkhauser, Basel, 1957). 
’ Bourne, G. H., Gerontologia (in the press). 


In vitro Effect of Growth Hormone on 
the Glucose Uptake of Isolated Rat 
Diaphragm 

THERE is @ disagreement in the literature concerning 
the in vitro action of growth hormone on the glucose 
uptake of the isolated diaphragm of the normal rat. 
Ottaway! has reported that growth hormone added 
to the Stadie—Zapp buffer* will stimulate the glucose 
uptake of the isolated rat diaphragm. Park e¢ al.‘ 
using Krebs—Henseleit bicarbonate buffer’ and Randle 
and Young® using Gey and Gey buffer’, which is 
qualitatively similar to the Krebs-Henseleit buffer, 
have reported that growth hormone in vitro is without 
effect on the glucose uptake of the isolated diaphragm 
from normal rats. It was of interest, therefore, to 


compare the effect of growth hormone added in vitro 
on the glucose uptake of the isolated rat diaphragm 
incubated either in Stadie-Zapp buffer? or in Gey 
and Gey buffer’. 

Normal female albino rats weighing 90-120 gm. 
were used. After a fasting period of 18-20 hr. each 


rat was killed by decapitation, the diaphragm 
removed, divided into two approximately equal por- 
tions and allowed to remain in freshly gassed buffer 
containing 250 mgm. of glucose/100 ml. for about 
10 min. The Gey and Gey buffer was gassed with 
93 per cent oxygen — 7 per cent carbon dioxide and 
the Stadie-Zapp buffer with 100 per cent oxygen. 
Each hemi-diaphragm was blotted gently and trans- 
ferred to a beaker containing 1 ml. of the type of 
buffer in which it had been soaked. The hemi- 
diaphragms were incubated in a Dubnoff metabolic 
shaker at 37°C. for the next 60 min. The gas phase 
for each buffer was as shown above. Growth hormone, 
where indicated, was dissolved in the appropriate 
buffer just before it was used. The hormone was 
never in solution for more than 60 min. before the 
beginning of the incubation. At the end of the 
incubation period the glucose content of each beaker 
was measured by the method of Somogyi*. Each 
hemi-diaphragm was blotted and weighed on a torsion 
balance. The glucose uptake was calculated as mgm. 
glucose disappearing from the medium/gm. of wet 
diaphragm/hr. of incubation. 

The results of the experiments are shown in Table 1. 
When the incubation was carried out in Stadie—Zapp 
buffer, a significant increase in the glucose uptake of 
the isolated rat diaphragm occurred in the presence 
of growth hormone at concentrations of 25 ugm. and 
50 ugm. In no case did the addition of growth 
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Table 1. EFrect oF GROWTH HORMONE ADDED in vitro ON THE UPTAKE OF GLUCOSE BY 


In view of the above reports the 
effect of growth hormone on the 





Fatch No. 
of growth Mean + . Of mean. In the presence of G 


hormone 
(G.H.) Ovem.j/ml. 10 vgm./ml. 25 vgm./ml. 


hr. of incubation. 


Glucose vue mgm. glucose/gm. of wet VF at ? 
at a concentration of : 


50 vgm./ml. 


reticulo-endothelial system was in- 
vestigated. 


sib catindad, Nineteen male guinea pigs, aged 





P (A) In Stadie-Za; 14 puis Gwe 3) 
3 07 7+ 8-45 + 0:17 ‘ ‘17 
+0: 19 _— : = 














about one year, were used in the 
investigation. The reticulo-endo- 
thelial macrophages were studied 
by giving all the animals one 
daily injection of trypan blue 


3°35 + 0°17 


26 — i 
40 | 410 40-51 subcutaneously for the last six 


days prior to being killed by 
chloroform. The dosage of the 











*P 0-05 > 0-01 compares G.H. group to control group. 
{e 0-01 > 0-001 compares G.H. group to control group. 
P < 0-001 compares G.H. group to control group. 


Each figure is the mean of six observations. 


(A) Stadie-Zapp (ref. 3) (busters composition : sodium phosphate. buffer pH 7-40,0:04M; gm. body-weight. 


MgCl,, 0:005 M; NaCl, 0 


(B) Gey and Gey tref. 7) buffer-composition: Na,HPO,, 0:0008 M; MgCl,, 0:001M; 
KCl, 0-005 M; NaHCO,, 0:027 M; CaCl,, 0-0013 M; 


NaCl, 0-096 LF 
MgSO, 0-0003 'M. 


hormone to the Gey and Gey buffer produce a sig- 
nificant change in the glucose uptake of the isolated 
diaphragm. 

It is apparent from these observations that at 
least & part of the difference between the reports 
indicating that growth hormone in vitro stimulates 
glucose uptake’ and those showing that growth 
hormone is without effect in vitro*.* may be accounted 
for on the basis of the composition of the buffer 
media employed for the incubations. These investiga- 
tions indicate that the composition of the buffer 
media may be of paramount importance in investiga- 
tions of the in vitro effect of hormones on isolated 
tissues. 

P. J. RANDLE 
J. E. Wurrnry* 


Department of Biochemistry, 
University of Cambridge. Nov. 26. 

* Fellow in Cancer Research ot the American Cancer Society recom- 
mended by the Committee on Growth, National Research Council. 
ae address : Medical Centre, University of Arkansas, Little Rock, 
‘Ottaway, J. H., Biochim. Biophye. Acta, 11, 443 (1953). 

* Ottaway, J. H., and Bulbrook, R. D., J. Endocrinol., 12, 50 (1955). 

*Stadie, W. C., and Zapp, J. A., J. Biol. Chem., 170, 55 (1947). 

‘Park, C. R., “Phosphorus Metabolism”, 2, 634, Edit. McElroy, 
W. D., and Glass, B. (Johns Hopkins Press, 1952). 

‘Krebs, H. A., and Henseleit, K., Z. physiol. Chem., 210, 33 (1932). 

* Randle, P. J., and Young, F. G., J. Endocrinol., 18, 335 (1956). 

"Gey, G. O., and Gey, M. K., Amer. J. Cancer, 27, 45 (1936). 

* Somogyi, M., J. Biol. Chem., 195, 19 (1952). 


Effect of the Growth Hormone of the 
Anterior Lobe of the Pituitary on the 
Reticulo-Endothelial System 


Moon e¢ al.1-* found that prolonged administration 
of growth hormone to rats results in more neoplasms 
arising in the pulmonary and lymphatic tissues, 
adrenal glands and reproductive organs than would 
be expected to occur spontaneously. They also 
showed that hypophysectomy prevents the develop- 
ment of spontaneous and growth hormone-induced 
tumours‘ and effectively inhibits the carcinogenic 
effect of methyl cholanthrene'‘. 

Further, it has been stated that the reticulo- 
endothelial system is an important defence against 
malignant growths, for if the system is blocked the 
incidence of new growths is increased, whereas if it is 
stimulated the incidence is diminished‘. 


KH,PO,, 0-0002 M: 


dye was calculated on the basis 
of 0-8 ml. of a 1 per cent solu- 
tion in distilled water per 100 
Seven of the 
animals were given dye only and 
were used as controls. The remain- 
ing animals were divided into 
two groups of six and given growth- 
hormone (Organon) in addition to the dye. The 
growth hormone was dissolved in olive oil and given 
once daily by intramuscular injection. Six animals 
received 100 pgm. of growth hormone once daily for 
one week and the remaining six were given 100 ygm. 
daily for three weeks. Specimens were taken from 
the spleen, liver and lymph nodes and fixed in 
Heidenhain’s ‘Susa’ fluid. Sections were cut at 10p 
thick and stained with weak eosin, dilute carbol 
fuchsin or alum carmine. The activity of the reticulo- 
endothelial system in the organs studied was assessed 
by the number of dye-bearing cells and the intensity 
of the vital staining. 

The results were as follows: Three of the six 
animals which received 100 ugm. of growth hormone 
for one week showed a reduction in the intensity of 
vital staining in the macrophages of the spleen but 
the vital staining appearances in the liver and lymph 
nodes remained similar to the controls. The three 
remaining animals of this group showed vital staining 
appearances similar to those of the controls. In the 
group of six animals which received 100 pgm. of 
growth hormone for three weeks the number of dye- 
bearing cells and the intensity of the vital staining 
were practically identical to those seen in the control 
animals. 

The above results indicate that growth hormone 
has little or no effect on the phagocytic activity of 
the reticulo-endothelial system. 

For this research we gratefully acknowledge the 
gift of growth hormone from Dr. Tindall of Organon 
Laboratories, Ltd. 


R. S. SNELL 
T. NIcoL 


Depa” ment of Anatomy, 
iXing’s College, 
London, W.C.2. 

Dec. 6 
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Creatine Synthesis by Liver Slices in 
Hyperthyroid Rats 


ConpiT1Ions of hyperthyroidism are always 
associated with variations in creatinic metabolism ; 
nevertheless, it is not known whether these variations 
affect likewise the ability of liver to synthesize 
creatine. 

In this work some results are reported concerning 
such an ability by liver slices in animals treated with 
thyroxine and antithyroid drugs. 

Male rats ~weighing 110-130 gm. were injected 
intramuscularly with 0:25 mgm. of DL-thyroxine 
every day for 20 days (Groups B, C, D and £ of 
Tables 1 and 2). 

The animals of Group C also received 0-25 gm. 
methylthiouracil, those of Group D 0-10 gm. 
paaiiaimanibia hadeaiolateention, those of Group 
£ 0-5 gm. Du-methionine. All the substances were 
given per os daily. 

On the twentieth day of treatment, the animals 
were killed by draining the blood and the livers were 
removed aseptically. For each half-liver creatine 
content was determined by the direct method of 
Ennor and Stocken'. Soon after killing, the bicipital 
muscles of the femurs were removed; the muscles 
were then freed from fat and fascia and then dried 
in an air oven for 24 hr. at 105°C. After drying, the 
parts were put into a 4 per cent trichloracetic acid 
solution and finally the creatine content of this 
extract was determined by the Hawk method’. The 
results are shown in Table 1. 


Table 1. CREATINE CONTENT IN LIVER AND IN MUSCLE 





Creatine content : | 
In muscle Inliver — 
(mgm./gm. of fresh tissue) (ugm./gm. of fresh tissue) | 


92 + 12 
+10 
+ 8 


+ 16 
7+13 


Animal 
groups 
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* Control group. Each group consisted of 8 animals 


The remaining half of each liver was cut into 
slices weighing each 0-3 gm. Ability of liver to syn- 
thesize creatine in vitro was then determined by the 
method of Borsook and Dubnoff*, incubating the 
slices for 2 hr. at 37° C. and adding in the substrate 
0-2 mgm. of guanidinacetic acid for each slice to 
half of them and 0-2 mgm. of guanidinacetic acid 
and 1 mgm. DL-methionine for each slice to the 
remaining ones. The results of this treatment are 
shown in Table 2. 

It was therefore possible to show that the livers 
of hyperthyroid animals contained a smaller quantity 
of creatine than normal animals. As might be fore- 
seen, creatine had lessened in the muscles of hyper- 
thyroid animals. Antithyroid drugs prevent de- 
pression in muscular creatine-rate but not in hepatic 


Table 2. CREATINE SYNTHESIS BY LIVER SLICES 





Synthesized creatine (ugm./gm. of fresh tissue) 
From guanidinacetic From guanidinacetic 
acid only 


Animal 
groups 


A*® 


acid and methionine 





117-5 + 19-4 


He He He HE 














* Control group. Each group consisted of eight animals 
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creatine-rate, while methionine prevents depression 
in liver but not in muscle creatine-rate. 

In vitro, liver slices from hyperthyroid animals 
show a remarkable loss of their ability to synthesize 
creatine when incubated with guanidinacetic acid 
only, while such an ability is nearly restored when 
incubated with methionine and guanidinacetic acid. 
Antithyroid drugs and methionine administered 
in vivo cause small changes only. 

Therefore, it seems to be clear that the changes 
noted in creatine synthesis-rate by liver slices are 
associated with depression in liver methylizing 
functions, as previously observed in other experi- 
mental conditions*. 

E. MAscrreyi-CortlanDo.i 
R. BoLpRINI 
Research Department, 
Istituto Biochimico Nazionale, 
Rome. 
Dec. 6. 
1 Ennor, A. H., and Stocken, L. A., Biochem. J., 42, 557 (1948). 
* Hawk, P. B., et al., ‘Practical Physiological Chemistry” (Blakiston 
Co., Philadelphia, 1949). 
* Borsook, H., and Dubnoff, J. W., J. Biol. Chem., 182, 559 (1940). 
‘ Rabbi, A., et al., Boll. Soc. Ital. Biol. Sper., 29, 318 (1953). 
° Mascitelli-Coriandoli, E., et al., Arch. Farmacol. Sper., 81, 132 (1953)- 


Oxytocic Effect of some d-Lysergic Acid 
cycloAlkylamides 


ERGOMETRINE (d-lysergic acid 1(+)-propanol- 
amide-(2)) and methylergometrine (methylergo- 
basine, d-lysergic acid (+ )-butanolamide-(2) ) exhibit 
@ pronounced oxytocic effect!. On the other hand, 
the oxytocic effect of d-lysergic acid diethylamide is 
very small*. It has been shown® that the pharmaco- 
logical properties of ergot alkaloids are profoundly 
changed by a relatively slight modification of the 
molecular structure. Saturation of the double bond 
in ring D of the molecule of ergotamine and alka- 
loids of the ergotoxine group causes a loss of the 
oxytocic effect and potentiation of the sympatholytic 
activity. Prolongation of the side-chain of ergo- 
metrine causes in the case of methylergometrine a 
potentiation of the oxytocic effect. 

In our experiments, an attempt was made to 
determine the oxytocic effect of a group of d-lysergic 
acid cycloalkylamides. The synthesis of these com- 
pounds is being described elsewhere‘. Their formule 
are shown in Table 1. 

Preliminary tests were carried out on the isolated 
rabbit and guinea pig uterus. Quantitative determ- 
inations of the oxytocic effect were performed on 
anesthetized rabbits by the method described by 
Rothlin®. The uterus im situ was connected through 
the opened abdominal cavity with a lever, by means 
of a fine thread, and the contractions of the uterus 
were registered on the drum. Blood pressure from 
the arteria carotis and respiration from the trachea 
were also registered. Ergometrine hydrogen maleate 
and d-lysergic acid diethylamide in the form of normal 
tartaric salt were used as standards. All the d-lysergic 
acid cycloalkylamides tested were used in the form 
of acid maleic salts, and the doses were expressed 
as the amount of the alkaloid base. 

Fig. 1 shows the oxytocic effect of d-lysergic acid 
cyclopentylamide (C,AL) compared with ergometrine 
as an example of our experiments. 

In order to make an exact comparison of the effects 
of the compounds tested possible, intravenous in- 
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Table 1. d-LYSERGIO ACID cycloALKYLAMIDES 


No. 4557 





Name 


cycloPropylamide 





cycloButylamide 





: so : 
CH 
“H,—OH, 
= 
cH’ : "Scn, 
\cH,—CH,/ 
‘it PACH CH, 
\cH,—CH,—CH, 


cycloPentylamide 





cycloHexylamide 


cycloHeptylamide 

















jections were performed at half-hour intervals. All 
drugs and standards were administered in the dose 
of 20 ugm. per kgm. and the order of administration 
was varied. A quantitative estimate of the activity 
of the compounds tested was obtained from experi- 
ments performed on five rabbits which exhibited 
constant reactivity. On the kymograph tracing, the 
area between the base line and the curve of the con- 
traction was measured. The results are shown in 
Fig. 2. The columns indicate the areas, found for 
the drugs tested, expressed as a percentage of the 
area for the compound C,AL. The height of the 
column does not express the relative oxytocic 
activity of the compounds in general, but only pro- 
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vides information on their relative oxytocic activity 
at a dose of 20 ugm. per kgm. The highest oxytocic 
effect was produced by compound C,AL. 

In addition to this series of experiments, the 
oxytocic effect of the compounds was tested in higher 
doses in order to determine their relative potency 
in absolute terms. Compound C,AL is about eight 
times as active as C,AZ and about five times as 
active as ergometrine (Fig. 1). 

A similar order of activity of the compounds was 
also found in experiments with rats and guinea pigs 
using the same method. Sensitivity of the uterus 
in these species was lower than in rabbits. In order 
to obtain contractions of the same degree, doses of 
100 pgm. per kgm. of C,AL or 500 pgm. per kgm. of 
ergometrine were required. 

In the tests on the isolated uterus of rabbit, guinea 
pig and rat, the compounds C,AL, C,AL and C,AL 
strongly enhanced the tone and rhythmic contractions 
at concentrations of 10-*-10-’. 

Z. VOTAVA 
I. PopvatovA 
M. SEMoNSsEKY 
Pharmaceutical and Biochemical 
Research Institute, 
Prague. 
Nov. 28. 


1 Rothlin, E., Schweiz. Med. Wschr., 65, 947 (1935). 

® ay 77 D. P., and Khalidi, A. i., J. Fac. Medic. Baghdad, 18, 1 

* Rothlin, E., Schweiz. Med. Wschr., 76, 1254 (1946). 

* SemonskY, M., Zikan, V., and Votava, Z., Chem. Listy (in the press); 
Coll. Czech. (in the press). 

* Rothlin, E., Schweiz. Med. Weschr., 68, 971 (1938). 


a-Aminomethylmuconic Acid as a Possible 
Precursor of Niacin 


THE exact route for the biological transformation 
of 3-hydroxyanthranilic acid to nicotinic acid has not 
been established with certainty. 

That involving fission, with or without prior 
hydroxylation at C, between positions 3 and 4, has 
been proposed!*. The suggestion of Mortimer® of 
fission between positions 1 and 2 has been criticized‘. 
An unsupported suggestion by Hankes e¢ al.® en- 
visaged fission between carbon atoms 2 and 3 with 
recyclization to isocinchomeronic acid and _ sub- 
sequent decarboxylation to niacin. The failure of 
this substance to replace niacin was considered not 
to support this path. However, a close analysis of 
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this last route by the mechanism indicated below 
produces «-aminomethyl-trans-cis-muconic acid (IIT) 
as @ possible intermediate. This substance by prior, 
concomitant, or subsequent decarboxylation and ring 
closure would yield directly tetrahydronicotinic acid 
(IV). The most important consideration for facile 
ring formation demands a trans-configuratiog for the 
«8-double bond. ‘Thus in order to test partially this 
hypothesis the more readily accessible «-amino- 
methyl-trans-trans-muconic acid has been synthesized 
and tested biologically. 

«-Methylmuconic acid prepared by the method of 
Kuhn and Michel’ has the trans-trans-configuration 
since it may be recovered unchanged from hot 95 per 
cent concentrated sulphuric acid (cf. Linstead et al.’). 
This was converted by treatment with diazomethane 
to the dimethyl ester which crystallized from ether— 
methanol as colourless crystals with melting point 
46-47°, Amax. 276 my (log ¢ 4-17). (Found: C, 58-9; 
H, 6-6. C,H,.0, requires C, 58-7; H, 6-5 per cent.) 

Dimethyl-«-methylmuconate on fusion with N- 
bromosuccinimide in the presence of benzoyl per- 
oxide yielded dimethyl-«-bromomethyl muconate 
with melting point 97—-98°, Amax. 280 my (log ¢ 4-38). 
(Found: C, 40-9; H, 4:2. C,H,,0,Br requires 
C, 41-0; H, 4-2 per cent.) 

Dimethyl-«-bromomethyl with potassium phthal- 
imide gave dimethyl-«-phthalimidomethylmuconate 
with melting point 134°, Amax. 272 my (log ¢ 4-41). 
(Found: C, 61-9; H, 4-6. C,,H,,O,N requires C, 
62-0; H, 4-6 per cent.) 

Prior cold alcoholic alkaline hydrolysis followed 
by hydrolysis with hydrochloric acid gave «-amino- 
methyl-trans-trans-muconic acid hydrochloride, which 
separated from concentrated hydrochloric acid as 
colourless crystals with melting point 212° (decomp.), 
Amax. 264 my (log ¢ 4-12). (Found: C, 40-8; H, 4-7. 
C,H,,0,NCl requires C, 40-9; H, 4-9 per cent.) 

In order to obtain biological evidence in support 
of the above mechanism the amino-acid was tested 
as an essential metabolite for growth of a bacterium, 
Xanthomonas pruni (National Type Culture). This 
organism, which requires tryptophan, 3-hydroxy- 
anthranilic acid or nicotinic acid for growth, has 
previously been used to test a possible niacin 
precursor®. 

Standard solutions of the amino-acid hydrochloride, 
tryptophan and niacin were prepared and _ incor- 
porated separately in the basal medium advocated 
by Starr’®. 

Control tubes were inoculated to test for carry- 
over of growth-promoting substances. The cultural, 
microscopic and staining characteristics of the 
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organism were checked at all stages. The results 
obtained are summarized in Table 1. 

Although in these experiments the trans-trans-acid 
has been employed and the slight growth in one of 
the control tubes does not exclude the possibility of 
an adaptive mechanism, these preliminary results 
support the hypothesis developed above. 

These results will be published more fully elsewhere 


J. O. Harris 
F. Bryns 


The Laboratory, 
The Newcastle Breweries, Ltd., 
and 
King’s College, 
Newcastle upon Tyne. 
Jan. 11. 


* Henderson, J Biol. Chem., 178, tes 
Proc. U.S. Nat. Acad. Sei., 35, 576 (1949). 

* Makino, et al., Nature, 167, 115 (1951). 

* Mortimer, Nature, 172, 74 (1953). 

* Robinson, Nature, 172, 344 (1953). 

* Hankes, Lyman and Elevehjem, J. Biol. Chem., 187, 

* Kuhn and Michel, Ber., 71 B, 1119 (1938). 

? Linstead, et al., J. Chem. Soc., 2228 (1950). 

* Henderson, et al., Proc. Soc. Exp. Biol. and Med., 78, 441 (1951). 

* Starr, J. Bact., §1, 131 (1946). 


Bonner and Yanofsky, 
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Metal and Hydrogen-lon Binding Properties 
of O-Phosphoserine 


As pointed out by Mellander’, organic phosphory! 
compounds derived from phosphoproteins may 
behave as effective chelating agents and therefore 
may be of great biological importance. For the 
study of the chelating ability of such compounds, 
synthetic model substances of similar structure are 
under investigation. Apparent ionization constants 
of synthetic O-phosphoserine, 

CH,—CH—COOH 
| 
j NH;* 
0=P—O- 
OH 
and apparent stability constants of some metal 
complexes of that compound have been examined. 

The procedure employed in the synthesis of 
phosphoserine was similar to the method used by 
Canali et al.*. Racemic serine was treated with 
polyphosphoric acid at 130°C. The resultant product 
was precipitated with acetone. The precipitate was 
dissolved in 2.N hydrochloric acid and refluxed for 
2 hr. Inorganic phosphate compounds were then 
precipitated in the form of barium salts. The im- 
purities of the remaining solution were removed by 
a cation exchanger. Finally, after evaporating the 
eluate to a small volume, phosphoserine crystallized 
on adding ethanol and was recrystallized from an 
ethanol-water mixture. Analyses: calculated for 
C,;H,O,.NP: N, 7-57; P, 16-76 per cent; found: 
N, 7-44; P, 17-17 per cent. The purity was further 
checked by paper chromatography. 

Investigations of acid-base and metal-binding 
equilibria were carried out by potentiometric titra- 
tion at 25°C. and 0-15 ionic strength with a glass 
electrode (G102B) and a potentiometer (type 
PHM 31) manufactured by Radiometer, Copenhagen. 
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Fig. 1. Potentiometric titrations of 6-8 x 10-* M O-phospho- 
serine at 25° and 0-15 ionic strength with 1-006 x 10°'°N 
potassium hydroxide without complex-forming metal ion (H) 
and in the presence of the a complex-forming metal a: 
32 x 10° M calcium me (Ca), 4°00 x 10° 

ey (Mg), 3-5 x 10-* manganese chloride ( x oe) 
3-5 x 107° M cupric chhorilis (Cu). The (Fe)-curve was de- 
termined under the same conditions with 2-1 x 10-*M O- 
phosphoserine and 4-8 x 10-*M ferric chloride titrated with 

1-006 x 10°? N potassium hydroxide 





Phosphoserine appeared to have a strongly ionized 
group. The apparent pK-value for the carboxyl, the 
last phosphate and the amino-ionizations of this 
compound were found to be 2-03, 5-65 and 9-74, 
respectively. 

Titration of the ligand in the presence of metal 
ions forming complexes indicated formation of more 
than one complex with every metal investigated 
(Fig. 1). The molar ratio, ligand to complex-forming 
metal ion, was 2:1 and 4:1 respectively for di- 
valent and tri-valent metals. If Z represents the tri- 
negative phosphoserine anion and M the complex- 
forming metal ion, the structures of the calcium(II)-, 
magnesium(II)- and manganese(II)-complexes ex- 
amined were probably MHL and ML; those of 
the copper(II)- and iron(III)-complexes. were prob- 
ably MHL,ML,ML, and ML,ML,, respectively. 
Using Bjerrum’s* method, the logarithms of the 
apparent stability constants of the ML-complexes 
were calculated to be: calcium(II), 2-3; mag- 
nesium(II), 2-4; manganese(II), 3-9; copper(II), 
9-6; and iron(III), greater than 13. 

After prolonged standing of the titrated solution, 
when the ligand was titrated in the presence of 
iron(II) at low pH values, a greenish precipitate 
developed, probably the Fe(III)L complex. At high 
pH values the iron(III) titration curve shows 
successive combining of hydroxy] ions with iron(III) 
and dissociation of the Fe(III)L, complex, which is 
the only apparent complex in this pH region. This 
was further indicated since a yellow-red precipitate 
appeared at pH greater than 10-5. The Fe(IIT)L, 
complex was found to be considerably more soluble 
than the Fe(III)Z complex. The former complex 
also exists at a physiological pH. For the combina- 
tion of the last ligand, the logarithm of the apparent 
stability constant of this complex was calculated to 
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be about 7. Accordingly, in the Fe(III)L, complex 
phosphoserine will bind iron(III) more strongly than 
any other metal investigated. This indicates that 
phosphoserine under physiological conditions may 
compete powerfully for iron(III) ions. 

A more detailed account of this investigation will 
be published elsewhere. 

R. OsTERBERG 
Department of Medical Biochemistry, 
University of Gothenburg. 
Dec. 22. 


1 Mellander, O., Nutrition Reviews, 18, 161 (1955). 
? Canali, V. 
Ital. 


Ts age G., De Luca, R., and Baldantoni, A., Boll. Soc. 
Sper., 27, 1479 (1951). 

* Bjerrum, “Metal Amine Formation in Aqueous Solution” (P. 
Haase and Sons, Copenhagen, 1941). 


Human Embryo Hemoglobins 


Halbrecht and Klibanski’ have reported recently 
that they were able to examine the hemoglobin of a 
10-weeks old human embryo by means of paper 
electrophoresis. They demonstrated that this hemo- 
globin under definite experimental conditions showed 
an electrophoretic mobility unequivocally slower than 
the mobility exhibited by adult hemoglobin. The 
blood of a 20-weeks old human foetus was found to 
contain a hemoglobin moving identically slowly on 
paper electrophoretic examination. Moreover, this 
hemoglobin showed an _ electrophoretic mobility 
which was definitely slower than the mobility of cord 
hemoglobin of a full-term newly born. Based on 
the findings described, the authors suggest that there 
is a third type of hemoglobin in early embryonic 
life besides the two hitherto known normal types of 
human hemoglobin, referred to as foetal hemoglobin 
and adult hzemoglobin. 

This conclusion supplements our findings in such 
a remarkable way that it seems justifiable to refer 
to these studies*. We investigated at that time the 
hzemoglobin of a larger series of human foetuses by 
means of alkali-denaturation and determined the 
change in colour of oxyhzmoglobin solutions, after 
adding sodium hydroxide electrophotometrically, in 
the red wave-length range. Thus in human foetuses, 
7-12 weeks of age, the existence of a hemoglobin 
was shown, the alkali-resistance of which was 
approximately midway between fcetal and adult 
hemoglobin. Therefore we concluded then, as 
Halbrecht and Klibanski! did, that there must be 
in early human foetal life a third, hitherto unknown 
type of hemoglobin. 

It seems reasonable to assume that the hemo- 
globins discovered independently and by means of 
different methods in the blood of rather small human 
foetuses by us and Halbrecht and Klibanski! are in fact 
identical. In case this should be true, the existence 
of three different types of hemoglobin in the course 
of normal human development have to be considered. 
Allison® likewise discovered recently a new type of 
hemoglobin in small human foetuses but has, to the 
best of our knowledge, not yet reported full details 
of his investigations. He proposed the term “‘primitive 
type P” for this normal hemoglobin. 

At a glance it may be surprising that there exist 
three different types of hemoglobin during normal 
human development. We feel that this fact is more 
easily understood by taking into account the morpho- 
logically characteristic features of foetal hemopoiesis. 
As is well known, there can be distinguished three 
definitely separable periods of foetal hzmopoiesis : 
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the mesoblastic, the hepatic and the medullary 
period. Perhaps these three periods relieve one an- 
other—in sequence as mentioned—corresponding to 
the appearance of the three types of hemoglobin. 
Provided that there are really correlations, one must 
distribute one of the hemoglobin types to each of 
the three periods of foetal hzemopoiesis. 
W. Ktnzer 
Universitéts-Kinderklinik, 
Wurzburg. 
* Nov. 30. 


? Halbrecht, J., and Klibanski, C., Nature, 178, 794 (1956). 
* Drescher, H., and Kiinzer, W., Klin. Weschr., 32, 92 (1954). 
* Allison, A., Science, 122, 640 (1955). 


Biood Group Antigens Mi? and Vw and 
their Relation to the MNSs System 


Tue blood group antigen Mi* was discovered by 
Levine, Stock, Kuhmichel and Bronikovsky! in 1951. 
Anti-Mi®, the antibody necessary for the identification 
of the antigen, was made by a mother in response 
to immunization by her Mi(a+) foetus which, as a 
result, had severe hemolytic disease. The antigen 
was shown to be inherited as a dominant character. 
The antigen was evidently rare, for no example was 
found in testing 425 random people. 

The blood group antigen Vw was discovered by 
van der Hart, Bosman and van Loghem? in 1954. 
The antibody, anti-Vw, was made by a mother in 
response to immunization by her foetus. The father 
had the antigen and so had several members of his 
family. The antigen was not present in 740 blood 
samples from random Dutch people. The antigen 
was shown to be inherited as a dominant character. 
Sanger, studying the pedigree, noticed that the gene 
Vw was linked to the MNSs locus and was travelling 
with Ns: there were 12 non-cross-overs and no 
cross-overs. 

It was then found*® that those members of the 
Dutch family who were Vw+ were also Mi(a+), so 
it was naturally assumed that Vw was identical with 
the antigen Mi®, cliscovered several years before. 

Ye find that the antigens Mi* and Vw, though 
related, are not the same: about half Mi(a+) people 
are Vw+ and about half are Vw—. No Mi(a—) 
Vw+ person has been found in several thousand 
tests on white people. 

Though the antigens are rare (the combined inci- 
dence of the two phenotypes is one in about a 
thousand white people) the antibody anti-Mi* is 
relatively common and, rather surprisingly, can be 
present in the serum of people who have not been 
exposed to either antigen by pregnancy or by 
transfusion. 

From tests on families it has become clear that the 
gene or genes responsible for both phenotypes, 
Mi(a+) Vw+ and Mi(a+) Vw-, are linked to the 
MNSs locus. The linkage is of the extremely close 
type found between the CDE genes and between the 
MNSs genes: this was suggested by the absence of 
cross-overs in the families and confirmed by the 
observation that in all chromosomes so far analysed 
the gene or genes responsible for the Mifa+) Vw+ 
reaction are accompanied by N and s, while those 
responsible for the Mi(a+) Vw— reaction are accom- 
panied by M and S. 

Because of the rarity of the two phenotypes it 
may be some time before their precise genetic back- 
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ground is established. We can think of three possi- 
bilities. The genes responsible could be alleles : they 
would fit the CCW behaviour in the Rh system. (The 
antigen Mi* could be like C and the antigen Vw like 
Cw; anti-Mi* could be like anti-C, which reacts with 
Ce and with C¥c, and anti-Vw could be like anti-C, 
which reacts only with Cw.) On the other hand, the 
genes may be representatives of adjacent loci like 
D and C in the Rh system. (The antigen Mi® could 
be like D and the antigen Vw like C; anti-Mia 
could be like anti-D+C and anti-Vw like anti-(.) 
The available genetical and serological details would 
fit either arrangement ; they would not fit so well 
the third possibility that one gene alone is responsible 
and that the difference between Mi(a+) Vw+ and 
Mi(a+) Vw— reflects a position effect exerted by the 
Ns and by the MS genes respectively. 

The antigens Mi*® and Vw, together with the 
antigens Hu and He, are demonstrating the com- 
plexity of the region of chromosome responsible for 
the MNSs blood groups and it now appears that at 
least four loci must be involved. 

We are grateful to Dr. Philip Levine, Dr. J. J. van 
Loghem, jun., and Dr. A. E. Mourant for some of the 
antisera used in this work. The details of the investiga- 
tion will be submitted for publication elsewhere. 

J. WALLACE 
G. R. MILNE 
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Glasgow and West of Scotland 
Blood Transfusion Service, 
15 North Portland Street, 
Glasgow, C.1. 
J. Moun 
R. M. LAMBERT 
H. G. Rosamisa 
Department of Bacteriology 
and Immunology, 
School of Medicine, 
University of Buffalo, 
Buffalo 14, N.Y. 
PHYLLIS MooREs 
RutTH SANGER 
R. R. Race 
Medical Research Council 
Blood Group Research Unit, 
The Lister Institute, 
Chelsea Bridge Road, 
London, 8.W.1. 
Dec. 17. 
1 Levine, P., Stock, A. H., ee. A. B and Bronikovsky, N., 
Proce. Soe. Ezp. Biol., N.Y., 77, 402 ( 951). 
*v. d. Hart, Mia, a, Héléne, and van Loghem, J. J., Voz 
Sanguinis, 4, 108 (1954). 


s kanies, P., Robinson, E, A., 
4 Nature, 177, 40 (1956). 


Layrisse, M., Arends, T., and Sisco, 


The Diego Blood Factor in Negroid 
Populations 


A GREAT number of the Negroes brought to South 
American shores during Colonial times came from 
West Africa (Gold Coast, Guinea, Dahomey, Nigeria, 


etc.)'. These Negroes mixed in large proportion with 
Indians and Caucasoids, mainly Spaniards and 
Portuguese. The racial intermixture was so intense 
that to-day it is almost impossible to find a pure 
Negro population in any South American country, 
including Venezuela. Indian admixture was assumed 
by Layrisse and Arends* as an explanation of the 
eleven Diego-positive cases found in 150 random 
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FREQUENCY OF ABO, Rh(D) AND Dia IN NEGROID POPULATIONS 
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adult Negro inhabitants of Curiepe, a village in the 
State of Miranda, Venezuela. 

Recently, we have had the opportunity of studying 
the incidence of the Di*® antigen among two other 
Negro populations: one represented by 119 blood 
samples from three little villages (Farriar, Aguas 
Negras and Palmarejo) located in the State of 
Yaracuy approximately. 400 km. from Curiepe. The 
other population was represented by 107 blood 
samples of various Negro tribes of the Gold Coast : 
Ga 51 per cent, Twi 10 per cent, Ewe 9 per cent, 
Busanga 4-6 per cent, Fanti 4-6 per cent, Andagbe 
3-7 per cent, whereas other tribes were only 
represented by one or two individuals. 

Table 1 shows the incidence of the ABO, Rh and 
Diego blood systems found in the three groups of 
Negroes tested. As comparative data we include the 
incidence of the same blood groups in two Venezuelan 
Indian tribes. 

The frequency of ABO and Rh,(D) in the Negroes 
from the Gold Coast studied by us is practically the 
same as in the general average of the West African 
Negroes already reported*. On the contrary the 
two groups of Venezuelan Negroes showed different 
figures. Concerning the ABO system and the gene O 
expressed as r was 76-45 per cent in people from 
Curiepe and 77-23 per cent in Yaracuy State. This 
finding is indicative of an admixture with another 
race carrying @ high incidence of group O. Venezuelan 
Indians have precisely this characteristic. |The 
frequency of the Rh,(D) factor was 90 per cent in 
both groups, an incidence which is similar to that 
found in most West African Negroes. This relatively 
low incidence could be explained as a balanced result 
of admixture with Caucasoid populations and 
Venezuelan Indians. 

There is a striking difference between the negative 
findings of the Di* antigen in African Negroes and the 
positive incidence in Venezuelan Negroes. This ob- 
servation suggests that the Gold Coast Negroes either 
do not carry this antigen or that it is present in a very 
low incidence only. It suggests as well that the 
Diego-positive cases in Venezuelan Negroes are not 
original to the Negroes themselves but due to their 
Indian admixture. The difference of incidence in 
these two groups could be related to the admixture 
with Caribs in the group of Curiepe and with Caribs 
as well as with Arawacs in the group of the State of 
Yaracuy. This concept is in agreement with the 
historical tradition‘. 

Up to date the frequency of the Di® antigen has 
been studied in various groups of the three grand 
sub-species of the world population. It has been 
demonstrated to be negative in 2,600 Caucasoids®. It 
is present in Mongoloids*: ten American Indian 
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stocks, two groups of Japanese and one group of 
Chinese with variable incidence from 3 to 45 per cent. 
In Venezuelan hybrid populations with Indian ad- 
mixture the factor was also present, ranging from 
0-6 to 7 per cent. The Negroid populations have not 
been studied sufficiently. From the results presented 
here it can be stated that the factor was negative in 
African Negroes from the Gold Coast and that the 
positive incidence in the two Venezuelan Negro 
populations was probably due to the Indians with 
whom they intermarried. 

These new studies confirm the anthropological 
significance of the Diego factor suggested in the 
original article of Layrisse and Arends*, who indicated 
its capacity to distinguish some Mongoloid populations 
from Caucasoids and probably Negroids. The factor 
could be of great help in studies of hybrid 
populations. 

We are specially grateful to Dr. G. M. Edington 
for his collaboration in the study of the African 
Negroes. 

MIGUEL LAYRISSE 
TvuLIo ARENDS 
Banco de Sangre, 
Caracas, Venezuela. 
Nov. 22. 
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Polyploidy and Radiosensitivity 


Conger and Johnston! have concluded, from studies 
of the effects of X-radiation in a flower bud of 
Tradescantia paludosa containing a mixed population 
of diploid and haploid microspores, that chromosomal 
radiosensitivity or sensitivity per unit length of 
chromosome is identical in haploid and diploid cells. 
The results of different workers in which radiation 
sensitivity of cells of polyploid plants has been 
found to be equal to, greater or less than comparable 
diploids have been attributed by them to intrinsic 
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Table 1. CHROMOSOME ABERRATIONS IN Triticum SPECIES IRRA- 
DIATED WITH X-Rays, 8-PARTICLES AND Fast NEUTRONS 


Radiation and 
material 





Aberrations per cell 
(exchange and deletions) 
Range Mean + s.e. 


——$_— 


No. of cells 
studied 


X-rays | 
Diploid | 
Tetraploid 
Hexaploid 3 2 | 

8-particles from | 

phosphorus-32 
Diploid } 
Tetraploid | 28 | 
Hexaploid | " 
| Fast reutrons 

Diploid 
Tetraploid 
Hexaploid 
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differences in species sensitivity rather than to the 
effect of polyploidy itself. In a comparative study of 
the frequency of chromosome aberrations induced by 
different types of radiations on diploid, tetraploid 
and hexaploid Triticum species, we observed that 
the results obtained varied with the type of radiation 
used. 

Dry seeds of J’. monococeum, T. dicoccum and 
T. aestivum were exposed to 11,000 r. of X-rays, and 
to fast neutrons of source strength 10° ns/em.*/sec. 
over @ 2x solid angle for three hours. For 8-radiation, 
the seeds of the three specios were soaked in phos- 
phorus-32 solution for 24 hr., the dose used being 
5 uc. per seed. Cytological studies were carried out 
in root tip smears prepared from material fixed 24, 
48 and 72 hr. after germination (Table 1). The total 
lengths of the chromosome complements of diploid, 
tetraploid and hexaploid wheats determined in com- 
parable preparations were 172-2, 282-0 and 353-2p, 
respectively, and the number of aberrations per 100u 
of chromosome length was calculated for all the 


No. of breaksper 1004 chromosome length 











X-rays 6-particles Fast neutrons 


Fig. 1. Effect of the t of radiation on the number of aberrations 
per unit chromosome length iin diploid, tetraploid and hexaploid 


Triticum species. Lined, diploid; black, tetraploid; stippled, 
hexaploid 
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treatments. The data were subjected to a test of 
significance by Fisher’s Behrens test. This showed 
that sensitivity per unit length of chromosome was : 
(a) identical in all the three species in the case of 
X-ray treatment; (b) identical in the diploid and 
tetraploid but significantly different in the hexaploid 
with phosphorus-32 treatment; (c) significantly 
different in all the three species irradiated with fast 
neutrons. Differences in the rate of absorption of 
phosphorus-32 may be one of the factors influencing 
the results obtained with this isotope. In the cas: 
of fast neutron radiation, however, the dosage given 
was exactly similar and it is clear that the hexaploid 
and tetraploid species had very many more breaks 
than can be accounted for by their polyploid 
chromosome length (Fig. 1). 

The results obtained by Konzak and Singleton? in 
diploid, tetraploid and hexaploid Avena and Triticum 
species irradiated with X-rays and thermal neutrons 
are of interest in this connexion. They observed 
that while the hexaploids showed the greatest resist- 
ance to a given dose of X-rays, the tetraploids were 
more resistant than the hexaploids to the thermal 
neutron radiation. While no cytological data are 
reported in their study, it is likely that the occurrence 
of extensive chromusome aberrations, as found in our 
material exposed to fast neutrons, offsets the ad- 
vantage of ploidy in the hexaploids irradiated with 
thermal neutrons. It thus seems possible that the 
simple relationship between ploidy and chromosomal 
radiosensitivity outlined by Conger and Johnston! 
in X-ray treated material may not hold good in 
experiments involving the use of more densely 
ionizing radiations. It will no doubt be interesting if 
@ comparative study of the relationship between 
polyploidy and chromosome sensitivity to different 
types of radiations could be undertaken in such ideal 
material as used by them. 

M. S. SWAMINATHAN 
A. T. NATARAJAN 


Indian Agricultural Research Institute, 
New Delhi 12. 
Dec. 13. 


Conger, A. D., and Johnston, A. H., Nature, 178, 271 (1956). 
* Konzak, C. F., and Singleton, W. R., Genetics, 37, 596 (1952). 


Vacuolated Neurones in Sheep affected 
with Scrapie 


VACUOLATED nerve cells (neurones) have frequently 
been described in the medulla of sheep affected with 
scrapie'*, Recently, similar vacuolation has been 
reported in clinically normal sheep‘. Whether or not 
the vacuolation is directly associated with scrapie is 
therefore open to question, although in my ex- 
perience the kind of vacuoles to be described later 
do not occur in healthy animals. 

Investigations have been made into the contents 
of these vacuoles. Bertrand et al.* regarded them 
as being empty, but Holman and Pattison? described 
occasional contents consisting of homogeneous gran- 
ules staining pink with eosin. In the present study, 
bodies were found inside the vacuoles in 8 sheep 
suffering from scrapie. In ‘Celloidin’ sections these 
bodies were generally spheroidal in shape and 
measured 2-124 in diameter. They were present 
in frozen sections and in paraffin-embedded material 
and were stained most effectively with eosin or 
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Fig. 1. Bodies inside vacuolated neurone from the cervical cord 
of a sheep affected with scrapie. Hematoxylin and phloxine, 
celloidin. (x 750) 


phloxine. Within the bodies small eosinophilic 
granules were sometimes observed. The bodies did 
not stain with the periodic acid — Schiff reaction®, 
the Feulgen reaction, methyl-green-pyronin® or with 
the neutral fat stain ‘Fettrot’ (Ciba), but they gave 
a positive coupled tetrazonium reaction’. On occasions 
such bodies were also found in the cytoplasm of 
apparently non-vacuolated neurones of the affected 
sheep. 

The occurrence of bodies within vacuoles poses an 
interesting problem as to their nature; they may 
represent degenerative products in the neurone or 
a form of inclusion body. Further investigations of 
this problem are being made. 

This work was undertaken with the aid of a 
Veterinary Clinical Research Fellowship kindly 
awarded by the Agricultural Research Council. 
I wish to thank Prof. L. P. Pugh, Department of 
Veterinary Clinical Studies, University of Cam- 
bridge, and Dr. E. A. Carmichael, National Hospital, 
Queen Square, London, for advice and for providing 
facilities. I am grateful for the technical assistance 
of Mr. I. K. Gauld; Mr. J. A. Mills was responsible 
for the photomicrograph. 

A. C. PALMER 
Department of Veterinary Clinical Studies, 
School of Veterinary Medicine, 
University of Cambridge. 
Dec. 6. 
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Heat Resistance of Bacterial Spores at 
Various Water Activities 


THE wide range in the heat resistance of bacterial 
spores in dilute neutral solutions is well known but 
still unexplained. Studies of spores having a wide 
range of heat resistance (greater than 10‘-fold) in 
phosphate buffer (0-05 M, pH 7) have shown that 
these differences in heat resistance largely disappear 
when the spores are heated in a substantially dry 
state. 
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Spores, harvested from suitable media, were 
washed in water and 0-2-ml. aliquots dried from the 
frozen state. The dried spores (about 10’/tube) were 
then equilibrated in vacuo with saturated solutions 
of known water activity (dy )'. After equilibration 
for periods of one to six weeks in the dark at 25° + 
0-05° C., the section of the tube containing the spores 
was separated from the controlling solution by sealing 
the restriction between the two sections without 
releasing the vacuum. The ampoules were then 
heated in an oil-bath controlled to + 0-05°C., the 
contents rehydrated in 2 ml. of phosphate buffer, and 
viable counts made after dilution in the same fluid. 
Estimates of the time required to obtain a ten-fold 
reduction in the viable count (decimal reduction 
time) were made from plots of the logarithm of the 
viable counts against the time of heating. 

Some typical results are shown in Fig. 1, in which 
the logarithm of the decirnal reduction time at 
110° C, is plotted against a, of the controlling solution 
at 25°C. The values plotted at the extreme right- 
hand side of the graph represent determinations made 
by heating previously dried spores resuspended in 
the phosphate buffer, a, 0-998. Values on the 
extreme left-hand side are for spores exposed in 
vacuo over phosphorus pentoxide. The results for 
Bacillus stearothermophilus and Clostridium botulinum 
type E were obtained with mixed suspensions which 
were dried together, but enumerated separately on 
different media. This procedure ensured that the 
spores of both organisms were subjected to the same 
conditions during equilibration and heating. Other 
results for B. coagulans, Cl. botulinum type B and 
Cl. bifermentans have been found to give curves of a 
similar type, generally within the extreme values 
shown. 

The most striking feature of the results is the 
extent to which drying has increased the heat resist- 





Logarithm of decimal reduction time (min.) at 110° C. 
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Fig. 1. Heat-resistance of spores of three organisms equili- 
— in vacuo at various water race at 25°C. ai’ — 
stearethermop. hilus (ATCC7953). A, Bacillus m (Ki 
, Cornell, CL. 4 , Clostridium Fr a type (ATCCOS64) 
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ance of spores of low resistance in dilute buffer 
solution. For example, the heat resistance of Cl. 
botulinum type E was increased about 30,000 times 
by equilibration at 25° C. to an ay of about 0-8. The 
same treatment increased the heat resistance of 
spores of B. megaterium and B. stearothermophilus by 
factors of about 3,000 and 10 respectively. In the 
dilute buffer solution, the resistance of spores of 
B. stearothermophilus was some 30,000 times the 
resistance of spores of Cl. botulinum type LH, but 
after controlled drying this ratio was reduced to 
about 10. 

For each type of spore there was a range of ay 
at which the resistance to heat was appreciably 
greater than in the phosphate buffer. Qualitatively, 
this situation is well known, as spores have long 
been known to be more readily destroyed by ‘moist’ 
heat than by ‘dry’ heat. It may be noted, however, 
that the most rigorous drying, namely, storage over 
phosphorus pentoxide, did not cause the greatest 
increase in heat resistance. In general, the greatest 
heat resistance was found with spores equilibrated 
at about a, 0-8—0-9, the maximum resistance being 
10-100 times the value obtained with the very dry 
spores. For Bacillus megaterium the resistance in- 
creased steadily as a,, increased from zero to about 0-9. 
For B. stearothermophilus and Cl. botulinum type E 
there was a fairly wide zone between a, 0-2 and 0-85 
in which the resistance did not change greatly. 

These results support the hypothesis that the heat 
resistance of bacterial spores in dilute solution is 
largely dependent on the maintenance of some part 
of the spore contents in a relatively dry state. 

Further details of these results, together with a 
discussion of some of the implications relevant to 
an understanding of heat resistance, will be published 
elsewhere. 

W. G. MURRELL 
W. J. Scorr 
Division of Food Preservation and Transport, 
Commonwealth Scientific and 
Industrial Research Organization, 
Homebush, New South Wales. 
Dec. 7. 
* Robinson, R. A., and Stokes, 
Appendix 8, 11 (Butterworth, 


Solutions”, 


R. H., 
London, 


“Electrolyte 
1955). 


Embryology of X Organs in Crangon 
allmanni 


REcENTLY, I have shown the presence of true paired 
frontal organs in species of Decapoda Natantia 
where the sensory pore X organ! was simultaneously 
well developed?. Consequently, the supposed homo- 
logy between the paired frontal organs of lower 
Crustacea and the sensory pore X organ and eye 
papilla can no longer be accepted, and interest in 
the derivation of the X organs is renewed. As 
information on their ontogeny is scanty and mostly 
refers to late stages*4, investigations on embryo- 
logical material of Crangon allmanni were carried out. 

Both the cells of the sensory pore X organ and those 
of the medulla terminalis ganglionic X organ! are 
derived from neuroblasts in the anterior wall of the 
medulla terminalis ganglion layer. The first onion 
body! appears approximately simultaneously with 
the compound eye pigment. This agrees with 
observations made on Birgus by Orlamiinder* ; but 
nothing emerged in support of his view that the 
sensory pore X organ is induced by the wandering 
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in of an ectodermal gland cell. The first onion body 
lies immediately below the integument surrounde 
proximally and laterally by cells of the sensory pore 
X organ which are rather well provided with cyto- 
plasm and probably form a syncytium’. I could no: 
trace the course of the axons concerned with the 
formation of these very early onion bodies. The cells 
of the future medulla terminalis ganglionic X organ 
at this stage are of a neuroblastic type with larg. 
vesicular nuclei and very little cytoplasm. Staining 
reactions with Gomori hematoxylin and phloxin and 
with the Gabe paraldehyde fuchsin give no indications 
of neurosecretory activity in these cells. The sensory 
cells of the sensory pore cannot yet be identified but 
the mantle cells* begin to appear early and are closely 
connected with the interstitial tissue between the 
medulla interna and externa and between the 
medulla interna and terminalis. When the sensory 
cells begin to appear in late embryonic stages they 
are derived from the medulla terminalis ganglion 
layer. In the free-swimming larva the organization 
of the X organs and the sensory pore complex is 
essentially similar to that found in the adults. 

The investigation throws light on the discussion 
of the derivation of neurosecretory cells from nerve 
cells or vice versa’*. The neurectoderm forming 
the medulla terminalis ganglion layer also produces 
the cells of the hypodermis of the corresponding 
region of the eye-stalk and part of the mantle cells 
mentioned above. The neurosecretory cells are 
formed from neuroblasts which have already wandered 
in. But they are not formed directly from neuro- 
blasts; the latter first develop into young nerve cells 
the axons of which are formed and could in many 
cases be traced to the medulla terminalis before any 
signs of neurosecretory activity in the cytoplasm 
beeame evident. 

Erik DAHL 
Zoological Institute, 
Lund. Dec. 12. 


' Knowles, F. G. W., and Carlisle, D. B., Biol. Rev., 31, 396 (1956). 
* Dahl, E., K. Fysiogr. Sdlisk. i Lund Férh. (in the press). 
* Orlamiinder, J., Z. Wiss. Zool., 155, 280 (1942). 
‘ Pyle, R. W., Biol. Bull., 83, 87 (1943). 
Carlisle, D. B., and Passano, L. M., Nature, 171, 1070 (1953). 
* Hanstrém, B., Zool. Jahrb. Anat., 56, 387 (1933). 
? Hanstrém, B., K. Fysiogr. Sdlisk. i Lund Foérh., 24, 1 (1954). 
* Clark, R. B., K. Pysiogr. Sdllsk. i Lund FéGrh., 26, 1 (1956). 


The Australasian Barnacle, Elminius 
modestus, in France 


Tue Australasian barnacle Elminius modestus 
Darwin has been recently recorded from several 
localities in northern France’. In September 1954, 
we carried out independent surveys along the whole 
of the Channel and Atlantic coasts of France to 
define the limits of distribution of this immigrant 
species. The observations made show that EL. modestus 
was established over two large areas of the French 
coast. These extend from the Belgian frontier to 
Cap de la.Hague and from the estuary of the Jaudy 
to the Rade de Brest (Fig. 1). 

In the first of these areas much of the coastline is 
characterized by gently sloping sandy or shingle 
beaches, but E. modestus could be found wherever 
there were suitable surfaces for settling and was 
almost as common on the open coast as in the 
sheltered harbours and estuaries. It was notably 
abundant at Le Havre, Trouville, Omaha Beach 
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Fig. 1. Map of northern France with coastal areas in which 

Elminius modestus was well established in 1954 shown in heavy 

outline. #, Etretat: S, estuary of the Seine ; A, Allied invasion 

beaches, 1944; H, Cap de la Hague; C, Concale; 7, estuary 

of the Trieux; J, estuary of the Jaudy; B, Rade de Brest ; 
L, Lorient 


and Utah Beach, but was found less frequently east 
of Etretat, and in general was less common than the 
native Balanus balanoides Linnaeus. In the second 
area of colonization, north-western Brittany, the 
coastline is rocky and exposed and here HL. modestus 
was restricted to sheltered bays and estuaries. It 
appeared to be abundant throughout the Rade de 
Brest. Except for these two areas 2. modestus was 
very rare. Between Cap de la Hague and the estuary 
of the Jaudy isolated individuals were found at 
Vauville, Siouville, Coutainville, Granville, the 
tance Estuary, Notre Dame-du-Guildo and Binic, 
but nowhere did these form an established and 
expanding population. The apparent absence of the 
species from the Trieux contrasts strongly with its 
abundance in the nearby Jaudy. South of the Rade 
de Brest individual specimens were found at Camaret, 
Morgat, Douarnenez, Audierne, Pont-l’Abbé and 
Lorient, but with the exception of a single specimen 
at St. Jean-de-Luz, were not observed farther south. 

It seems probable that physical conditions, such 
as strong tidal currents, the exposed nature of the 
coast and the lack of sheltered inlets, have prevented 
the westward spread of E. modestus from Cap de la 
Hague. The predominantly sandy shores on the 
eastern side of the Gulf of St. Malo are also unsuit- 
able for the species. From Concale to the Trieux, 
however, there are numerous suitable habitats, and 
we believe that the present failure of EZ. modestus to 
colonize this part of the coast may be associated 
with the exceptionally large tides which occur there’. 
The great movement of water during each tidal cycle 
would tend to disperse planktonic larva over a wide 
area and in particular would prevent their retention 
in bays and estuaries. In these circumstances it 
would be difficult for an immigrant barnacle to build 
up a sufficient population of adults to form a stable 
community*. This thesis is supported by our observa- 
tion that Z. modestus has not appreciably increased 
in its abundance in the Rance estuary between 1953 
and 1955. The failure of the species to spread south- 
wards on the Atlantic coast is, however, more diffi- 
cult to explain, for there appear to be numerous suit- 
able habitats on this coast and adequate coastal 
shipping to aid dissemination. 

There is little doubt that colonization of the coast 
of north-western Brittany has occurred independently 
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of that east of Cap de la Hague, though the origins 
of both populations are obscure and there is no 
evidence to indicate which occurred first. The 
western population probably arose from specimens 
that were introduced into Brest by shipping from 
England and were able to reproduce rapidly in the 
sheltered waters of the Rade. The eastern population 
may have originated from the Allied invasion of 
France in 19444, for EH. modestus must have been 
common in southern England at that time® and is 
now well represented on wreckage that remains on 
the Normandy beaches. These beaches, however, 
appear to be unsuitable as centres of colonization 
on account of their open sandy nature, and it is prob- 
able that successful establishment first took place in 
the region of Le Havre, Trouville and the Seine 
estuary, where EL. modestus is now very abundant, 
although other ports, such as Cherbourg, may have 
been independently colonized. ‘There is certainly 
no evidence that this part of the French coast 
was colonized by westward spread from the Low 
Countries: on the contrary, the strong eastward 
currents which prevail through the Straits of Dover 
would make this very unlikely. The colonization of 
the Belgian and Dutch coasts may, indeed, have 
taken place from France, but more likely emanated 
from a separate centre of colonization in the region 
of the Hook of Holland. 

A fuller account of this work is now in preparation. 
One of us (M. W. H.B.) is greatly indebted to the 
Royal Society for a grant from the Browne Fund 
to help defray his expenses. 

Marcus W. H. BisHop* 
D. J. Crisp 
Marine Biology Station, 
University College of North Wales, 
Bangor. Nov. 20. 

* Present address: National Institute for Medical Research, Mill 
Hill, London, N.W.7. 
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* Crisp, D. J., Nature, 166, 311 (1950). 

‘ Hartog, C. den, Beaufortia, 5, No. 56, 141 (1956). 

° Bishop, M. W. H., Nature, 159, 501 (1947). Crisp, D. J., and Chipper- 
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277 (1950). 

* Leloup, E., and Lefevre, 8., Bull. Inst. Roy. Sci. Nat. Belg., 28. 
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Fusion of Uredospore Germ Tubes in 
Puccinia graminis 


Rodenhiser and Hurd-Karrer'!, working with 
Puccinia graminis tritict, observed the fusion of 
spherical ‘fusion bodies’ produced by certain germ 
tubes with germ tubes of other uredospores. They 
noted that ‘the body envelopes the contacted hypha 
as would a viscous drop” ; in some cases dissolution 
of the germ tube wall at the point of contact was 
seen. In one case movement of the granular contents 
of the hypha with which contact was made into the 
fusion body was observed. The work of Nelson, Wil- 
coxson and Christensen? provided genetical evidence 
for fusion between germ tubes, but although they 
observed fusions they gave no cytological details. 

To our knowledge, there has been no report describ- 
ing fusion between germ tubes without the prior 
formation of ‘fusion bodies’. In the course of recent 
experiments on the germ tube development of 
P. gq. tritici uredospores the sequence of events in- 
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Fig. 1. Fusion between two germ tubes (A and B) in Puccinia 
graminis tritici. (x 1, 

volved in such a fusion was observed. The solution 
employed for spore germination was 0-5 M sucrose 
contained in a cavity slide. The appearance of the 
fusing germ tubes is illustrated in Fig. 1. One germ 
tube (A) is seen to be tapered towards the tip, which 
has fused with a second germ tube (B), which was 
slightly below it. The movement of granules between 
the two germ tubes was observed over a period of two 
hours, most of the movement being towards the 
lower tube. Rodenhiser and Hurd-Karrer! also 
reported that movement was predominantly in one 
direction (towards the ‘fusion body’). Movement of 
the granules was rapid when first seen, but gradually 
slowed down over the period of observation. This 
might well have been due to lack of oxygen, since a 
cover-slip was placed over the solution at the be- 
ginning of the observation period to enable an oil 
immersion objective to be used (during our germina- 
tion experiments it was noted that the placing of a 
coverslip on @ drop containing germinating spores 
always caused a cessation of germination). 

This demonstration that not only the ‘fusion 
bodies’ of Rodenhiser and Hurd-Karrer’ but also 
normal germ tubes may fuse indicates that nuclear 
interchange in the uredospore stage mzy be relatively 
frequent, and hence of considerable genetical import- 
ance. 

This observation was made in the course of a study 
on the physiology of P. g. tritici, the results of which 
will be published elsewhere later. Our thanks are 
due to Mr. F. A. Barrett for the photograph. 

J. G. MANNERS 
S. S. BAMPTON 
Botany Department, 
The University, 
Southampton. 
Nov. 24. 


’ Rodenhiser, H. A., and Hurd-Karrer, A. M., Phytopath., 37, 744 
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* Nelson, R. R., Wilcoxson, R. D., and Christensen, J. J., Phytopath., 


45, 639 (1955). 
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Comparison of Salicylate and 2:4-Dinitro- 
phenol on the Growth of Wheat Coleoptiles 

SALICYLATE is a powerful metabolic stimulant. 
It increases oxygen consumption by man, both i: 
health! and disease'* and also by laborator 
animals*-*. This stimulant action was located at 
cellular level when the drug was found to increase 
the oxygen uptake of liver and brain slices*. In 
these respects salicylate resembles 2 : 4-dinitropheno! 
and the resemblance becomes all the more remarkable 
with the recent demonstration that salicylate also 
inhibits oxidative phosphorylation by mitochondria! 
preparations’. This is the essential biochemical! 
action of 2: 4-dinitrophenol**, and the fact that 
salicylate possesses similar properties may explain 
their common effects. Further exploration of this 
possibility has been carried out in another field by 
comparing simultaneously the effect of salicylate 
and 2: 4-dinitrophenol on wheat coleoptile growth ; 
it has already been established that 2 : 4-dinitro- 
phenol in low concentrations inhibits growth of corn 
coleoptiles’®. 

The straight-growth test of wheat coleoptiles 
modified by Hancock and Barlow'! and revised by 
Heath and Clark’? was employed. Wheat was 
germinated on vermiculite in darkness within an 
incubator maintained at 24-5°C. Five coleoptile 
sections, each 1 cm. long, were cut in filtered light 
(Wratten filter OA) and placed in a small tube 
2 in. X } in. containing 0-5 ml. distilled water or test 
solution. The coleoptiles were assigned at random 
to the tubes which were stoppered with corks covered 
with pure paraffin wax. After 24 hr., lying hori- 
zontally in darkness on a rotating drum within the 
incubator, the length of each coleoptile was measured 
to the nearest 0-5 mm. and the mean of the five 
coleoptiles was taken for comparison of results. The 
growth response to a wide range of molar concentra- 
tions of sodium salicylate, salicylic acid and the 
sodium salt of 2 : 4-dinitrophenol has been determined 
and compared with growth in distilled water and in 
an effective concentration of sodium «-naphthalene 
acetate. 

Sodium salicylate and salicylic acid had the same 
effect: both limited growth in proportion to con- 
centration over the range 4 x 10-* M tol x 10-* M. 
In this respect they resembled 2: 4-dinitrophenol, 
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which also inhibited growth in concentrations of 
2x 10-°M to 5x 10-*M (Fig. 1), though the 
effective concentration of salicylate was about twenty 
times that of 2:4-dinitrophenol. The respective 
concentrations of salicylate and 2 : 4-dinitrophenol 
for curtailment of growth are of the same order as 
for other common effects like inhibition of oxidative 
phosphorylation by mitochondria and the accom- 
panying increased oxygen consumption by cells, 
animals and man himself. This finding provides 
yet another example of the remarkable similarity in 
their biological action. It also suggests that the 
common biological effects of salicylate and 2: 4- 
dinitrophenol all emanate from their actions on 
oxidative phosphorylation. 
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Clinical Chemotherapeutic Unit 
of the Medical Research Council, 
Western Infirmary, 
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A Simple and Safe Procedure for the 
Removal of Holotrich Ciliates from the 
Rumen of an Adult Fistulated Sheep 


DuRING recent years, increasing attention has been 
paid to the role of the rumen ciliate protozoa in 
ruminant nutrition, particularly with regerd to the 
fermentative activity of the holotrich protozoa which 
contribute to the production of lactic and volatile 
fatty acids‘. It has, however, become evident that 
further progress in this direction cannot be made 
until the contribution of each component species of 
the rumen microfauna can be studied separately both 
in vitro and in vivo. Attempts to cultivate the rumen 
ciliates in vitro have hitherto not met with outstanding 
success. Gutierrez* managed to separate the two 
holotrich genera in vitro but only to give a limited 
yield. The differences in fermentation reactions 
in vitro found by Gutierrez between Isotricha Ste:n 
and Dasytricha Schuberg (cf. Oxford?) seem to justify 
attempts to establish single species of holotrichs in 
vivo unmixed with other species. A method is re- 
quired which would be as effective as, but less drastic 
than, the use of prolonged starvation and copper 
sulphate administration’. This objective has so far 
been reached by us in the one sheep used, to the ex- 
tent that all three species of holotrichs and the large 
oligotrichs originally present were removed, leaving 
only the smaller oligotrich Diplodinium dentatum 
Stein and a few Entodinia spp. Following this, 
Dasytricha ruminantium has successfully been re- 
established in the rumen so that fairly large ‘pure’ 
samples of this organism in the living state can now 
be obtained for in vitro studies, by the normal 
separation process of Heald, Oxford and Sugden‘. 

The method employed was basically to empty the 
rumen contents from the sheep by way of the rumen 
canula, to wash out the rumen repeatedly by a 
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method most likely to remove or kill the ciliates and 
several hours later to return some of the original 
rumen liquor which had, in the interim, been heated 
to a temperature which was fatal to the ciliates but 
not particularly harmful to the bacteria. Direct 
emptying of the rumen is a routine procedure in 
physiological experiments* and does not appear to 
harm the animal. 

The sheep was first starved for 48 hr. to render 
the ciliates less active and reduce the solid material 
in the rumen. The contents were then removed and 
the first three litres were kept. The rumen was 
repeatedly washed out first with water and then with 
0-9 per cent saline all at 39°C. Up to 30 litres of 
washing fluid were used and 4 litres of saline were left 
in the rumen. Four hours later, washing was repeated 
and the rumen was then left empty for 14 hr. Finally, 
since the ciliates are very sensitive to hypotonicity, 
2 litres of soft tap water were left in the rumen for 
half an hour before returning the rumen contents. 
It was hoped that this water would kill any ciliates 
still present in the rumen, and particularly that it 
might penetrate to the more inaccessible omasum. 
The water was present for so short a period that it 
did not appear to harm the sheep. 

The 3 litres of rumen contents had been strained 
through surgical gauze and were heated in three 
1-litre quantities in 2-litre beakers in a water- 
bath at 50°C. and maintained at this temperature 
for 15 min. with constant stirring. After this time 
no ciliates were found alive. The fluid was then 
cooled to 38° C. and maintained at this temperature 
before being returned to the rumen of the sheep 
6 hr. after the original emptying. 

The sheep, which was carefully isolated from direct 
contact with other ruminants, was then given access 
to food and appetite was soon regained. No ciliates 
were noted until 13 days after the defaunation 
attempt. As only oligotrich species appeared, the 
animal was suitable for our purposes ; but it is very 
probable that if the process had been repeated while 
the population was still small the removal of all 
ciliate species could have been effected. Dasytricha 
ruminantium was easily re-established in the rumen 
some time later by the introduction of about 100 
living organisms separated under the microscope 
from the washed holotrichs from another sheep. 
At this present date, 11 months after the partial 
defaunation process had been carried out, D. rumin- 
antium is still the only holotrich species present and 
its population is of the order of 12,000/ml. of rumen 
contents (cf. Gutierrez*). Tho animal has in the 
meantime been maintained on good quality meadow 
hay only and has remained perfectly healthy. The 
total rumen volatile fatty acid content is about 
100 m.equiv. per gm. of wet contents—a perfectly 
normal figure. 

J. MARGARET EADIE 
A. E. Oxrorp 


Rowett Research Institute, 
Bucksburn, Aberdeenshire. 
Dec. 5. 
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Protohydra and Kinorhyncha 
in Africa 


AtonG the southern shores of South Africa there 
are streams which, flowing into sunken valleys, form 
lagoons only open to the sea at intervals of months 
or years. Their mouths are closed by wide bars over 
which the dunes move in their march along the coast. 
At high tides in stormy weather, waves wash over 
the bar and in time the waters of the lagoon rise 
above sea-level. When floods from the land make 
the river rise rapidly, the bar is breached and the 
waters of the lagoon pour out into the sea until it 
becomes a shallow estuary and so remains for a few 
weeks. 

Such a lagoon is formed at the mouth of the 
Greater Kleinemond River in the Bathurst District. 
It has a rich fauna. The salinity, ascertained by 
the Knudson method, is normally between 23-3 and 
34-0 per mille, but it has reached 41-2 per mille during 
a long drought when the mouth was closed for 
several years. 

Recently, when studying the psammophilous com- 
munity, several specimens of Echinoderella' sp. nov., 
one of the Kinorhyncha closely related to the 
Mediterranean EL. capitata Z., were obtained and with 
them two specimens of a Protohydra not unlike 
P. leuckarti Greef. Although Kinorhyncha are 
widely distributed, the only recorded African species* 
is Echinoderes ehlersi Zelinka.* from Zanzibar, an 
island with an interesting fauna differing in many 
ways from that of the mainland. Protohydra is con- 
sidered to be monotypic by Ewer‘ and to be confined 
to the northern Palearctic. 

Nothing is known of the mode of locomotion of 
P. leuckarti. My two specimens of Protohydra were 
noticed because they crawled like Kinorhyncha ; 
they were collected in the belief that they belonged 
to that class. They resembled Echinoderella in size 
(about 0-6 mm.), shape and colour. They had a 
pseudo-segmentation and anteriorly they possessed 
a light-coloured, pulsating, roughened vesicle which, 
although lacking long ‘hairs’, might have been the 
head of some undescribed Kinorhyncha. 

Kiporhyncha move by extruding and retracting 
an introvert covered with hair-like processes known 
as scalids. They move forwards in a series of short 
‘steps’ with a pause between each. Animals living 
in sand or mud often move in like manner. Some 
Polycheta such as Glycera spp. draw themselves 
along by means of their pharynx, while Solen spp. 
among the Mollusca move rapidly by using the elong- 
ated foot. The anatomical mechanism is different 
in these examples ; and Protohydra has yet another 
way of producing a similar movement. 

When crawling, Protohydra sp. is contracted until 
it is about one-third its length when at rest and fully 
extended. The hind region is narrow, the middle 
corrugated externally so having a segmented appear- 
ance, and the ceelenteron is at times somewhat 
expanded by fluid; the anterior region is short and 
has thinner walls. At more or less regular intervals 
contraction of the wall of the ccelenteron forces the 
fluid content forwards and the anterior region is 
distended to form a thin-walled vesicle from which 
the nematocysts project and produce a roughening 
easily visible. (These nematocysts, kindly measured 
for me by Dr. R. F. Ewer, are of two types as in 
P. leuckarti, the stenoteles being similar to those of 
Hydra. They are 9-10y x 7u, and the isorhizas are 
9u in length. Both, therefore, differ from those of 
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P. leuckarti Greef.) 
of this roughened vesicle, pushing it forwards an 
pulling it backwards, moves the animal forwards i), 
a manner very similar to but more slowly than that 


of Echinoderella. I know of no other ceelenterat: 
which moves in this way so very different from that 
of other Hydroidea. 

This work was done with the aid of a grant from the 
South African Council for Scientific and Industria! 
Research. 


JOSEPH OMER-COOPER 


Rhodes University, 
Grahamstown. 
Dec. 20. 


* Zelinka, C., Zool. Anz., 32, 130 (1908). 

* Remane, A., “Bronns Klassen und Ordnungen des Tierreichs’’, 4 
Abt. 2, Buch 1, Tiel 2 (Leipzig, 1936). 

* Zelinka, C., Deutschen Sudpolar Expedition, 1901-3, 14 (Zoo/.) 
6, 419, pl. 39 (1913). 

* Ewer, R. F., Proe. Zool. Soc., 118, 226 (1948). 


Lichen Terminology 


WALLROTH! introduced the term ‘gonidia’ to 
describe the green cells found in lichens. They were 
considered to be ‘brood cells’ or organs of repro- 
duction of the lichen-fungus. This interpretation of 


their function was accepted until the appearance of 


the classic work of Schwendener*. Although it was to 
be many years before the theory of the dual nature 
of lichens, proposed by Schwendener, was universall, 


accepted, the gradual realization of the identity of 


the gonidia with free-living algae, brought about a 
complete change in meaning of this term. No longer 
could it retain its original application to cells which 
were thought to take part in the reproduction of the 
fungal component, but came to be accepted as a term 
applied to an organism, capable of independent 
existence, and in no way connected with reproduction 
of the lichen-fungus. Its continued use has been 
fostered by convenience at the expense of termino- 
logical exactitude. 

Rapid development, during recent years, in know- 
ledge of lichen physiology and morphology has 
brought an ever-increasing awareness of the in- 
sufficiency and ambiguity of the term ‘gonidia’ ; 
indeed, the lack of suitable descriptive terms applic- 
able to diverse instances of associations, as well as 
those of particular interest to the lichenologist, is 
likewise becoming evident. 

Any term for describing the respective components 
of the lichen thallus (including the bacteria which are 
known to occur in certain cases) cannot find universal 
acceptance unless it bears no implication of the nature 
of the association. We are. far from agreement on 
this point ; but such knowledge as we do possess is 
sufficient to undermine any belief that there exists 
but a single form of association between alga and 
fungus, be it true symbiosis or parasitism of either 
organism upon the other. It is for these reasons 
that the terms ‘algal host’, ‘algal symbiont’ and 
‘fungal symbiont’, although finding increasing use 
by lichenologists, should, together with ‘gonidia’, be 
discarded. 

Three new terms are here proposed as substitutes 
for the various misleading terms referred to above. 
They are: (1) ‘phycobiont’, applicable to an alga in 
association with a fungus in the formation of a lichen ; 
(2) ‘mycobiont’, applicable to a fungus in association 
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with an alga in the formation of a lichens; (3) 
‘schizobiont’, applicable to a bacterium living 
within, or in any way associated with, the lichen 
thallus. 

The scope of each of these terms may be extended to 
include associations of algae, fungi and bacteria with 
plants of higher organization, with animals, or with 
members of the same class. ‘Thus, for example, 
phycobiont may be applied to the algae associated 
with Cycas, Gunnera, Blasia, etc., mycobiont may be 
applied to mycorrhizal associations and to parasitic 
fungi, and schizobiont to root nodule and pathogenic 
bacteria. 

The sole implication in using these terms is thus 
that the alga, fungus or bacterium takes part in an 
association, of undefined nature, with some other 
organism. 

G. D. Scorr 


Department of Botany, 
University of Glasgow. 
Jan 23. 
! Wallroth, F. W., ‘‘Naturgeschichte der Flechten”’, 1 and 2 (Frankfurt- 
am-Main, 1825-27). 


* sceeane, 8., “Die Algentypen der Flechtengonidien”, (Basel, 
369). 


Normal Stress Effects in Tetralin 
Solutions of Polyisobutylene 


CONFLICTING reports have been published by 
Greensmith and Rivlin! and by Roberts? of the spacial 
distribution of stress in tetralin solutions of poly- 
isobutylene subject to a torsional lamina shear. It 
appeared desirable to clear up this discrepancy in 
the experimental results because of their importance 
in resolving the disagreement between theoretical 
workers in the field of visco-elasticity and the review 
by Truesdell’. 

Accordingly, a small new series of experiments has 
been made under exactly controlled conditions. Great 
care was taken to ensure high accuracy and to avoid 
possible disturbances from time effects from the 
forces of inertia and gravity, from incorrect boundary 
conditions and from faulty alignment. 

Tetralin solution of polyisobutylene (‘Oppanol’ 
B50), suitably coloured for use of photography, 
was subjected to stationary torsional laminar shear- 
ing motions in a conical gap of the type introduced by 
Mooney*. The special boundary to the material was 
itself with free surface with the atmosphere, so that 
there was an even radial pressure of one atmosphere 
all along the rim of the gap. The top plate was 
machined to optical limits and pressure-recording 
capillary tubes were drilled with sharp edges per- 
pendicularly to the plate. The main bearing in which 
the lower cone rotated had an accuracy in the 
vertical direction of approximately five micro-inches 
and in the horizontal direction of about twenty-five 
micro-inches. The axis of rotation of this bearing 
was aligned at right-angles to the plate to within 
0-002°. This accuracy was such that with solutions 
containing up to 8 per cent by weight of B100 
polyisobutylene, reversal of the direction of rotation 
of the cone had no detectable effect on the height of 
the liquid in any capillary tube. The rate of rotation 
was restricted to 6 rev./min. and the angle of gap 
to not greater than 4° to ensure that effects due to 
centrifugal and gravity forces were negligible. 
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Fig. 1. Distribution of normal stress across the gap 

Measurements of the pressures ~,; normal to the 
top plate were made with the capillary gauges at 
various radial distances and at various rates of shear. 
It was observed that, at the free boundary, the 
normal component of stress in the radial direction 
(Ps3) was cqual to that in the axial direction (p,2), 
that is, Po. = P33. A typical result is illustrated in 
Fig. 1. 

‘At the rim, the equality of the two stress com- 
ponents can be seen directly, since both are there 
equal to one atmosphere, p;; as the pressure across 
a free boundary and p,, as the pressure indicated 
by the pressure-level of the outer capillary gauge. 
Confirmation of this was given by extrapolation to 
the rim of the stress distribution shown by the 
capillary gauges. Absence of negative pressures near 
the rim was indicated by the fact that at no stage in 
the experiments was air drawn through the capillary 
tubes into the gap. The distribution shown in Fig. 1 
was reached by a gradual rise of the liquid within 
the capillary tubes, and this could not have occurred 
near the rim if there had been negative stresses 
present in the axial direction. The build-up took 
35 min. to reach equilibrium, and the pattern of 
the distribution then remained steady when the 
shearing action was continued for a further period 
of three hours (this subsequent stability depends only 
on the resistance of the material to breakdown by 
shear). 

The experimental results obtained with these 
liquids are incompatible with the theory of Reiner® 
and Rivlin® and are in accordance with the pre- 
diction of Weissenberg’ and of Lodge (private com- 
munication). These results are also special cases of 
the theories of Mooney*® and Oldroyd’. 

The experiments have been seen by Greensmith, 
and he is of the opinion that the discrepancy between 
these experiments and those of Greensmith and 
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Rivlin’ is probably due to edge effects occurring 
with the latter. 
J. E. RoBErts 
Armament Research and 
Development Establishment, 
Ministry of Supply, 
Fort Halstead, Sevenoaks, 
Kent. Dec. 7. 

* Rivlin, R. S., and Greensmith, H. W., Nature, 168, 664 (1951). 
* Roberts, J. E., Proc. Second Int. Cong. Rheology, 91-98 (July 1953). 
* Truesdell, C., J. Rational Mech. and Analysis, 2, No. 3, 593 (1953). 
“Mooney, M., and Ewart, R. H., Physics, 5, 350 (Nov. 1934). 
* Reiner, M., Amer. J. Math., 67, 350 (1945). 
* Rivlin, R. S., Proc. Roy. Soc., A, 198, 260 (1948). 
* Wetnentors, X -, Abh. Preuss. Akad. Weiss., No. 2 (1931); Arch. 
Phy. et Nat. J., 12, 1 (1934). 
Sock, M., J. App. Phys., 24, 675 (1953). 
* Oldroyd, J. G., Proc. Roy. Soc. A, 200, 523 (1950). 


Preparative Column Electrophoresis of 
Polysaccharides 


In recent years borate buffer for the electro- 
phoretic separation of neutral polysaccharides has 
been used in a Tiselius apparatus’ and for the 
qualitative and quantitative separations obtained by 
zone electrophoresis using strip supports of filter 
paper, silk and glass fibre paper**. The method 
described here extends this work to a quantitative 
preparative method in an electrophoretic column of 
the type described by Porath*. 

The column was filled with glass powder prepared 
from glass wool. The glass wool soaked in water was 
cut into 1-2 cm. lengths and ground under water 
in a mechanical mortar until the mass looked homo- 
geneous; then it was ground in water in a ball mill 
for 3 hr. The resultant fine powder was washed with 
water and fractionally sedimented to remove very 
small and mays 4 large particles. The powder used 
is shown in Fig. 1; approximately 50 per cent of 
the particles were 12-20u x 14-17 and 50 per cent 
28-140u x 14-17u. The outer diameter of the 
electrophoretic column was 2-5 cm. and its overall 
length 100 cm., of which 80 cm. was filled with the 
glass powder (vol. 330 ml.). 172 ml. of glass powder 
was used so that approximately l-cm. length of the 
column contained 2 ml. of the liquid phase. The 
volume of buffer in the open tube was 1,490 ml. 
and the total distance from anode to cathode was 





Fig. 1. Glass powder prepared from glass wool. 
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250 cm. The electrodes were platinum, 0-2 mm. 
thick x 25 cm.*; each electrode compartment held 
5 lL. of buffer (0-05 M crystalline sodium borate, 
pH 9-2). The column was filled by suspending the 
glass powder in water and pouring it straight into the 
column in one operation, keeping the mass gently 
stirred as it settled and slowly withdrawing the stirring 
rod. The glass powder was allowed to settle (approx- 
imately 30 min.) and then the borate buffer run 
slowly through it for 3-4 days before use. The poly- 
saccharides were applied to the column as a 1-2 ml. 
aliquot of a 2-5 per cent solution in the buffer, care 
being taken not to disturb the surface of the glass 
powder. It was washed into the column using about 
five 2-ml. portions of buffer. A drop of brom-cresol 
green dissolved in buffer was added to the poly- 
saccharide solution ; this enabled the initial zone of 
the material to be clearly seen and also during the 
subsequent electrophoresis and elution it served as a 
clear reference point in the column (Figs. 2 and 3). 
The column was connected to a small head of buffer 
and the initial boundary run slowly down to an 
appropriate position, depending on the subsequent 
electrophoretic movements of the applied poly- 
saccharides. During the movement of the zone by 
elution, the boundary, as indicated by the brom- 
cresol green, spread; during the electrophoretic 
movement it initially became narrower, but spread 
again after a few hours. The electrophoresis was 
generally maintained for 24 hr. at approximately 
450 V. (1-8 V./cm.) and 28-30 m.amp. 

The results of two experiments are shown in 
Figs. 2 and 3. The separation shown in Fig. 2 was 
that of a mixture of yeast glycogen and yeast man- 
nan applied as 1 ml. of a 2 per cent and 1 ml. of a 
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Fig. 3. Electrophoresis of a mixture of approximately 10 mgm. 

yeast glycogen, 10 mgm. yeast mannan, 10 mgin. snail galatan 

and inulin (0-5 mi. saturated solution) coloured with brom-cresol 

green in 0-05 M borate buffer, pH 9-2 at approximately 3 V./cm. 
for 9 hr. and 1-8 V./em. for 12 hr. 


1 per cent solution in the buffer respectively. Tho 
initial zone was run in for approximately 9-5 cm. 
(measured from its centre) from the upper surface 
of the glass powder. Electrophoresis at 450 V. and 
30 m.amp. was maintained for 24 hr. when the brom- 
cresol green had moved upward in the column, that 
is, towards the anode (the lower end of the column 
was placed in the cathode compartment), so that it 
was 4-4 cm. from the upper surface of the glass 
powder and the distance moved was 5-1 cm. measured 
from the centre of the coloured zone. After the 
electrophoresis the materials were eluted from the 
column under a slight pressure (150 cm. water) by 
the borate buffer and 5-ml. fractions were collected 
in numbered tubes so that No. 1 was the first fraction 
collected from the bottom of the column. Each 
fraction corresponded to 2-5 em. of the length of the 
column. About 160 ml. of eluate was collected in 
14 hr. (approximately 10-12 min./fraction). 0-5-ml. 
aliquots of the fractions were used for the determina- 
tion of the sugars by anthrone® at 620 my in a Unicam 
colorimeter. The histogram obtained is shown in 
Fig. 2. The addition of dilute iodine solution gave 
a red colour with fractions 17-24 only. The solution 
in tubes 26-28 gave a gelatinous precipitate when 
treated with hot Fehling’s solution. After removal 
of the borate buffer*, fractions 18-20 and 25-27 were 
hydrolysed with 3 per cent hydrochloric acid for 
6 hr. and the neutralized hydrolysates were investi- 
gated on a chromatogram, using pyridine/ethyl 
acetate/water as a solvent’. Fractions 18-20 showed 
the presence of glucose only, and fractions 25-27 
showed mannose only. 

Fig. 3 shows the separation of s mixture of 0-5 ml. 
of a saturated solution of inulin at room temperature, 
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0-5 ml. of a 2 per cent solution of yeast nm, 
0-5 ml. of a 2 per cent solution pF eae er 
and 0°5 ml. of a 2 per cent solution of snail galatan. 
The characteristics of these polysaccharides were 
identical to those given by Fuller and Northcote’*. 
The solution was coloured with brom-creso] green and 
run into the column 10-5 cm. from the upper surface 
of the glass powder. Electrophoresis was maintained 
for 9 hr. at 750 V. and 40 m.amp. (3 V./em.) and a 
subsequent 12 hr. at 460 V. and 30 m.amp. (1-8 
V./cm.). The histogram was obtained as in the pre- 
vious experiment. After removal of borate buffer 
the fractions were hydrolysed and the hydrolysates 
investigated on chromatograms, so that the identity 
of the polysaccharides in the fractions was obtained 
and these are shown in Fig. 3. The relative positions 
of the separated polysaccharides are similar to those 
obtained on glass fibre paper and in the Tiselius 
apparatus®. 

‘fhe method is being used at present for purifying 
the alkali-soluble polysaccharides obtained from Chlor- 
ella pyrenoidosa ; a separation of the starch compon- 
ent into amylopectin and amylose has been obtained, 
together with the isolation of a material which gives 
a single peak in the Perkin-Elmer electrophoresis 
apparatus’ and which contains galactose, mannose, 
arabinose, xylose and rhamnose on hydrolysis. 

One of us (B. J. H.) wishes to thank the British 
Council for a grant during the tenure of which this 
work was done. 

B. J. Hocrvar* 
; D. H. Norrscors 

Department of Biochemistry, 

Tennis Court Road, 
Cambridge. Dec. 9. 
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Photo-reduction of Pteridines 


THE recent communication by Prof. A. Albert! on 
the photo-reduction of pteridines prompts me to 
record another example. In the preparation of 
2 - amino - 4-hydroxy - pteridine-6- aldehyde by the 
method of Waller e¢ al.* it was found that if the 
initial decomposition of pteroyl-L-glutamic acid to 
dihydro-2-amino-4-hydroxy-pteridine-6-aldehyde was 
done in the dark only a poor yield was obtained 
(as judged by the amount of 2-amino-4-hydroxy- 
pteridine-6-aldehyde formed on subsequent oxida- 
tion). If the reacting solution was irradiated with 
light from a 100-W. bulb then a good yield was 
obtained. It thus seems that the decomposition of 
pteroyl-L-glutamic acid to the dihydro aldehyde 
is @ light-catalysed intramolecular hydrogen transfer 
from the 9:10 position followed by hydrolysis of 
the resulting anil. It has been previously reported that 
pteroyl-L-glutamic acid is decomposed by ultra-violet 
light to 2-amino - 4-hydroxy - pteridine - 6-aldehyde’. 
The position of the hydrogen atoms of the dihydro 
2-amino-4-hydroxy-pteridine-6-aldehyde in the pyra- 
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zine ring has not been established ; but this aldehyde 
would seem to be a possible intermediate in the 
biological synthesis of the yellow fluorescent eye 
pigment‘ of Drosophila and possibly also of the red 
pteridine pigments‘. The primary step in the de- 
gradation of pteroyl-t-glutamic acid would seem to 
be hydrogen transfer intramolecularly to the pyrazine 
ring or intermolecularly to a suitable hydrogen 
acceptor (for example, oxygen® or methylene blue‘). 
J. A. Buarr 

University College of the Gold Coast, 

Achimota, Gold Coast. 

Dec. 12. 
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Steric Effects in the Gas —Liquid Chromato- 
graphy of some Alkylbiphenyls 


RECENT ultra-violet spectroscopic studies of the 
effects of substitution on the biphenyl chromophore 
led to the preparation of a number of alkyl-substituted 
biphenyls, and the purity of these compounds and 
of others prepared elsewhere were checked by the 
use of the gas-liquid chromatographic apparatus 
available in this Institute. It was immediately 
apparent that the considerable changes in the ultra- 
violet absorption spectra which accompany sub- 
stitution in the ortho positions of the bipheny! 
system! were closely paralleled by correspondingly 
large changes in the relative retention volumes of 
the compounds. 

The retention volume of any compound is a function 
of its molecular weight and its degree of interaction 
with the stationary phase employed’. In this pre- 
liminary study a single stationary phase has been 
used, ‘Apiezon M’, which behaves as a largely non- 
polar material, though it is somewhat more polar 
than, for example, paraffin wax. Column tempera- 
tures of 197°C. were used throughout. In Table 1 
are listed the retention volumes (VaR), relative to 
bipheny] itself, of 24 alkyl-substituted biphenyls, and 
also the retention volume increments (7) for each 
additional carbon atom (CH,-separation factor*). For 
a biphenyl derivative with 12 +m carbon atoms 
i= WVR 

It may be seen that for all compounds unsubstituted 
in the 2 or 6 (ortho) positions, values for ¢ vary from 
1-46 to 1-69, whereas if substitution occurs in these 
positions values for 7 do not exceed 1-26 even in the 
presence of additional substitution elsewhere. For 
normal straight-chain aliphatic hydrocarbons the 
retention volume increment for each additional car- 
bon atom in the chain under the same conditions 
is 1-54, and the substitution of alkyl groups in the 
meta and para positions of biphenyl therefore gives 
values of i which may be regarded as normal, or 
nearly so. The values for para substitution (1-56— 
1-65) are in fact somewhat greater than those for 
meta substitution (1-46—-1-55) ; this might be antici- 
pated, since the overall conjugation and hence degree 
of interaction with the stationary phase is somewhat 
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Table 1 
grees | | 
| No. of | Retention | Retention | 
} sub- | volume volume 
stituent relative to] increment | 
carbon Substituted biphenyl bipheny! | per car- 
atoms | (VaR) bon atom 
(i) 
1 | 2-Methyl 0-96 0-96 | 
3- Methyl 1°55 1-55 | 
| 4-Me thyl | 1-65 1-65 | 
| 2 |2:2-Dimethyl | 1-005 1-002 
| 3:3 -Dimethyl | 2-40 1-55 
4: 4’-Dimethyl | 2-69 1-64 | 
| 2: 6-Dimethyl 109 | 1-044 | 
| 2-Ethyl | 122 | 110 | 
3-Ethyl 2:19 | 1-48 
| 4-Ethy! 2:45 | 1-57 | 
3  |2:6:2'-Trimethyl | 117 | 1-053 
o | 2-n- lesaael 1-56 1°16 
| 2-iso- Propyl 1-30 | 1-09 | 
| 4 }2:4:2°:4° -Tetramethyl 250 | 1-26 | 
| 3:4:3°: 4’-Tetramethyl 810 | 169 | 
| 2:6:2': 6’-Tetramethyl 1-33 1-07 | 
| | 2:2’- Diethyl] 172 | 1°145 
| | 3: 3’-Diethyl 4:55 | 1-46 | 
| 4: 4’-Diethyl | 5-95 | 1-56 
| 2-isoPropyl-5-methyl 1-91 } 1°175 
| | 2-n-Butyl 224 | 1-22 
| 6 2:4:6:2°:4': 6 -Hexamethyl 2-90 } 1°195 
| | 2: ; 2 -Diisopropyl 2-20 1-14 
| 8 2:3 -Di -tert.- Butyl | 606 |; 1-22 | 
~ } Phens nanthrene 6-60) | 
| 9: 10-Dihydrophenanthrene 4:12 | 
| iam 25°5 | 
| 1 : 2-Dihydropyrene 18-8 | 
| 1: 2:6: 7-Tetrahydropyrene 11-8 | 








increased in the para-substituted biphenyls by hyper- 
conjugation. 


The greatly reduced relative retention volumes of 


ortho-substituted alkylbiphenyls are presumably due 
to a correspondingly reduced degree of interaction 
with the stationary phase, and it is reasonable to 
attribute this to the reduction in overall bipheny]- 
type conjugation in these sterically hindered com- 
pounds, where the minimum possible angle between 
the benzene ring planes is quite large’. The relation- 
ship between conjugation and retention volume can 
be demonstrated by comparing the chromatographic 
behaviour in the vapour phase of various partially 
reduced polycyclic aromatic hydrocarbons (for ex- 
ample, phenanthrene or pyrene), where decreased 
conjugation produces large decreases in retention 











volume (Table 1, bottom). 
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Fig. 1. Plot of logarithm retention volume (V g) versus number of 

substituent carbon atoms in alkylbiphenyls (n). The dotted line 

has a slope corresponding to a value for i of 1-54, and divides the 
ortho-substituted from the non-ortho-substituted biphenyls 
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The effects of increasing the size of individual 
substituent groups are also in accord with this view. 
Thus an isopropyl group im the ortho position has a 
greater steric effect than an n-propyl group and the 
retention volume is correspondingly considerably 
smaller. The retention volume increments for each 
additional carbon atom in the series of 2-n-alkyl- 
biphenyls form a sequence which increases through- 
out from 0-96 for the first carbon atom to 1-44 for 
the fourth, a value approaching the normal aliphatic 
increment. Successive increases in the chain length 
will obviously be accompanied by diminishing con- 
tributions to the steric hindrance of the ortho 
substituent, and the corresponding retention volume 
increments appear to reflect this very well. 

By using appropriate values for ¢ obtained from 
simple substituted biphenyls the relative retention 
volumes of the more heavily substituted biphenyls 
may be estimated with moderate accuracy. Vicinal 
substitution appears to increase the retention volumes, 
as in other aromatic compounds’, and this is par- 
ticularly apparent in the 3:4: 3’: 4’-tetramethyl- 
biphenyl. 

Ten of the substituted biphenyls used in this work 
were prepared in this laboratory, and for gifts of the 
other compounds we are indebted to Prof. E. E. 
Turner and Dr. D. M. Hall, Bedford College, London, 
to the U.S. National Advisory Committee for Aero- 
nautics, to Dr. E. A. Coulson, Chemical Research 
Laboratory, Teddington, to Dr. R. A. Friedel, U.S. 
Bureau of Mines, and to the Monsanto Chemical Co., 
St. Louis, United States. 

G. H. BEAVEN 
A. T. JAMES 
E. A. JOHNSON 


National Institute for Medical Research, 
Mill Hill, 
London, N.W.7. 
Dec. 13. 
' Everitt, P. M., Hall, D. M., and Turner, E. E., J. Chem. Soc., 2286 
(1956). Braude, E. A., and Forbes, W. F., ibid., 3776 (1955) ; 
for references to earlier work see Beaven, G. H., Hall, D. M., 
Lesslie, M. S., and Turner, E. E., ibid., 854 (1952). 
* James, A. T., and Martin, A. J. P., J. App. Chem., 6, 105 (1956). 
‘James, A. T., Anal. Chem., 28, 1564 (1956). 


Vacuum Deposition of Aminoanthraquinone 
Compounds on Quartz 


THE technique of vacuum deposition is eminently 
suitable for the formation of thin films of metals and 
metallic oxides upon solid surfaces. The cleanliness of 
the surface is of much importance in the preparation 
of satisfactory films, but otherwise the nature of the 
surface is not wholly significant and such surfaces 
as textiles and paper have been successfully coated. 
We have recently been interested in the application 
of this technique in the preparation of transparent 
dye films on thin quartz plates, with the view inter 
alia of comparing the absorption spectra of such 
solid films with those of dyed films obtained by the 
coloration from alcohol solution of transparent films 
of cellulose acetate (deplasticized, British Celanese) 
and nylon (no plasticizer, hexamethylene diamine- 
adipic acid, Du Pont de Nemours). Some of our 
results obtained with aminoanthraquinone com- 
pounds, purified by recrystallization from ethyl 
alcohol six times, are of interest. Before deposition 
the quartz plates were cleaned by boiling in soap 
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Fig. 1. Absorption spectrum of 2 aminoanthraquinone: (a) and 
(b) deposited on quartz; (c) dyed on cellulose acetate film; 
(d) dyed on nylon film 


solution, standing in chromic acid for 24 hr., and 
boiling in concentrated hydrochloric acid for 1 hr., 
with intermediate and final washing treatments ; 
they were then dried in a vacuum oven at 80° C. 

An Edwards high-vacuum coating unit was used 
for the deposition experiments, the quartz plate 
being placed symmetrically above the dye, which 
was contained in a platinum crucible. The heating 
current passing through the coil supporting the 
crucible and the distance between the crucible and 
the quartz plate appear to be the most important 
factors in the production of level transparent dye 
films. In some cases with the simpler aminoanthra- 
quinone compounds hazy films resulted in which the 
ultra-violet absorption spectrum was not very well 
defined and the visible spectrum was without char- 
acter. A typical example of this is shown in curve b 
of Fig. 1 with a deposited film of 2-aminoanthra- 
quinone. However, on increasing the heating current 
(and hence reducing the time of deposition) and also 
the distance between the quartz plate and the crucible 
much more satisfactory results were obtained, as is 
seen in curve @ of Fig. 1. The haziness and the diffuse 
nature of the absorption spectrum in curve 6 are 
presumably the consequence of light scattering by 
colloidal particles, but it is rather interesting to note 
that with this and other films on quartz the absorp- 
tion bands always seem to be much more sharply 
defined in the ultra-violet than in the visible region. 
The absorption spectrum of 2-aminoanthraquinone 
deposited on quartz is quantitatively very similar to 
that of the dyeing on cellulose acetate film (Fig. 1, 
curve c), there being only minute differences in the 
positions of the absorption maxima. On nylon film 
(Fig. 1, curve d), however, there is relatively a batho- 
chromic shift in the only two absorption peaks which 
it was possible to measure. The absorption of the 
nylon film, itself, precluded measurements below 
2500 A. Practical difficulties made it impossible to 
produce the same concentration of dye in each of 
the films illustrated in Fig. 1, but the qualitative 
differences are obvious. 

It was observed that the more complex amino- 
anthraquinone compounds (for example, 1 : 4 : 5 tri- 
amino-) gave satisfactory transparent films over a 
wider range of deposition conditions than did 1- and 
2-aminoanthraquinone. An interesting observation 
with 1:4 di-, 1:4:5 tri- and 1:4:5:8  tetra- 
aminoanthraquinone was that while all these com- 
pounds show twin absorption peaks somewhere in 
the region between 5500 and 6600 A. when dyed on 
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either cellulose acetate or nylon film, no evidence was 
found of twin peaks with these dyes deposited on 
quartz, but instead just a general absorption band 
somewhere between 5100 and 6500 A. All these three 
dyes on quartz exhibit a very marked absorption 
maximum in the neighbourhood of 2500 A. 
Absorption spectra were measured on a Unicam 
SP500 quartz spectrophotometer. 
G. S. EcEerton 
A. G. Roacu 
Department of Textile Chemistry, 
Faculty of Technology, 
University of Manchester. 
Dee. 11. 


Variable-Energy Particle Accelerators 


CONSIDERABLE interest has recently been shown 
in the heavy-particle, and in particular proton, 
accelerators that are capable of delivering, with a 
narrow spectrum, a wide range of output energies. 
Interest has been focused on two ranges of proton 
energies: 3-15 or 20 MeV. and 3-50 MeV., with an 
easing of the requirements concerning permissible 
width of spectrum at the higher energies, 

For the lower range, two 6-MeV. Van de Graaff 
generators, operating in tandem, have been proposed. 
Negative ions would be accelerated through the first 
generator and then stripped, by passing through a 
foil, and accelerated as protons, through the second 
generator, to the final energy. 

An alternative proposal is to design a special 
cyclotron employing a large magnet and low magnetic 
field-strength!. This design, based on the work on 
the Medical Research Council cyclotron, aimed at 
achieving the specified narrow spectrum by a rigid 
control of the accelerating voltage, magnetic field- 
strength, etc., and restriction of the phase-width of 
the beam near the region of the ion source’. 

For the higher energy-range, a proton synchrotron 
has been proposed, incorporating Prof. P. B. Moon’s 
suggestion® for increasing the beam current by inject- 
ing molecular ions (H,*+) into a static, or nearly 
static, magnetic field and dissociating them into 
protons by passage through a gas. 

An examination of the relationship between pitch 
and phase velocity for a helical wave-guide (Fig. 1) 
shows that, for a given pitch, the phase velocity 
varies with the frequency of the input power. It has 
been suggested* that this fact might be utilized for 
constructing a variable-energy helical wave-guide 
accelerator’. It is likely that such an accelerator 
would possess a sufficiently narrow spectrum, and the 
absence of extraction problems and accessibility of 
the input give a decided advantage over the syn- 
chrotron and cyclotron. The maximum energy of 
50 MeV. or greater also gives it an advantage over 
the Van de Graaff machine. As with all types of 
linear accelerator, the output intensity would depend 
largely upon the degree of success that attended the 
solution of the focusing problem. 

The curves of Fig. 1 have been plotted using the 
sheath theory*, and it will be observed that, for the 
higher frequencies, the region over which the curves 
depart from linearity is somewhat larger. It follows 
that the conditions governing phase oscillation will 
vary with frequency and may lead to loss of beam 
current. Whether the more exact tape theory* shows 
greater or less linearity is being investigated, but 
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Fig. 1. Curves for various values of ratio a/A : () 1-0; (2)0-015; 
(3) 0-010 ; (4) 0-002 ; (5) 0 0002 ; where a is helix radius and A the 
free space wave-length 


the qualitative solution of the problem is to use as 
high an injection energy as possible. 

These considerations assume that the accelerator is 
rectilinear and employs, say, the strong focusing 
system suggested by Blewett’. For the spiral accel- 
erator put forward by Sinelnikov et al.* and me’, 
the conditions are more stringent; for without 
variable magnetic shimming it is necessary that the 
pitch versus phase velocity relationships be of the 
form of straight lines passing through the origin. 
From Fig. 1, it may be seen that this is approximately 
true for the range 2 x 10-* < a/A < 2 x 10°. The 
use of variable magnetic shimming is, of course, not 
impossible, but it introduces an unwelcome com- 
plication. 

The spiral accelerator utilizes the transverse electric 
forces of the electromagnetic wave, that are normally 
defocusing, as focusing forces, in addition to those 
produced by the constant gradient magnetic field. 
The defocusing forces are therefore those due to space 
charge, inhomogeneities in the magnetic field, gas 
collisions and, indirectly, those due to errors in con- 
struction. These are present in both the rectilinear 
and spiral accelerators although the errors in con- 
struction are likely to be greater in the latter. 

In the light of this new interest in variable-energy 
output, it may well prove profitable to re-examine the 
engineering feasibility of wide-band travelling-wave 
structures such as the helix. 

My thanks are due to the Medical Research Council 
and the National Research Development Corporation 
for sponsoring this work and for permission to 
publish this communication. 

J. W. GALLop 


National Research Development Corporation, 
1 Tilney Street, 
London, W.1. 
Dec. 7. 
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* Patent Application No. 20925/56. 
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Oxidation of Barium: 
Mott’s Theory of Oxidation 


MEASUREMENTS of the rate of taking up of oxygen 
by barium films have been continued in an attempt 
to discover the mechanism of the growth of the oxide 
layer. The results obtained support the ionic theory 
of oxidation of metals developed by Mott*. In this 
theory it is supposed that positive metal ions and 
electrons diffuse from the metal through the oxide, 
the metal ions moving via interstitial positions in 
the oxide lattice. At the free surface of the oxide, 
these ions combine with adsorbed oxygen. In this 
way the thickness of the oxide layer is increased. In 
oxide films less than about 50 A. thick, the move- 
ment of ions is influenced principally by the strong 
electric field which is set up across the oxide because 
of the contact potential difference between the metal 
and the adsorbed oxygen. In thicker films the move- 
ment of ions, and hence the rate of growth of the 
oxide, is influenced chiefly by temperature. From 
the theory it is further predicted that, whatever the 
thickness of oxide, the movement of ions becomes 
controlled by temperature when this is raised above 
a critical value. Therefore, above the critical tem- 
perature the oxide layer should continue to grow 
until all the metal has been oxidized. Below the 
critical temperature, it is predicted that the growth 
of oxide stops at a limiting thickness. Further, the 
limiting thickness itself should vary with temperature 
when this is less than the critical value. 

In the present work measurements have been made, 
at different temperatures, of the amounts of oxygen 
gas taken up by barium films. These amounts are 
proportional to the thickness of oxide layer formed. 
The critical temperature has been found to be 35°C. 
The thickness of the protective oxide layer formed 
at ambient temperature (20°C.) was found to be 
about 25 monolayers, that is, about 50 A. The thick- 
ness of the protective oxide layer decreased with 
temperature below 35°C., as foretold by Mott’s 
theory. At temperatures above 35° C., the thickness 
of oxide depended only upon that of the barium film, 
for the metal oxidized right through, becoming 
translucent. The rate of growth of the oxide layer 
has been found to vary with temperature in different 
manners above and below the critical temperature, 
again in agreement with Mott’s theory. 

The speed of pumping of oxygen per unit area of 
barium film (litres sec.-! cm.-*) increased with tem- 
perature only above 35°C., but the actual speeds 
of pumping were merely about 1/25 of what they 
would have been if every oxygen molecule striking 
the oxide surface had stuck. Interpreting these two 
results with the aid of Mott’s theory, it is concluded 
that the speed of pumping of oxygen by barium is 
limited by the superficial density of interstitial barium 
in the oxide. This conclusion has been confirmed by 
experiments in which the speed of pumping per unit 
area has been increased, up to five-fold, by depositing 
the barium upon a particular substrate material (a 
mixture of barium and strontium oxides, formed from 
the carbonates as in oxide-coated thermionic cathodes) 
selected to cause lattice imperfections*. 

‘The formation of the first monolayer or two of oxide 
is outside the scope of Mott’s theory, which concerns 
the laws of further thickening of an oxide layer. It 

has been found that the speed of pumping at first 
increased in proportion with the square root of the 
time for which the barium was exposed to oxygen. 
Also, the rate of rise of speed was independent of 
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the temperature of the barium film. The amount of 
oxygen taken up while the speed was increasing 
according to the parabolic law was found to be that 
to give a single monolayer. These results are ex- 
plained by the idea that oxidation starts at nucleation 
centres in the barium surface, followed by a spreading 
across the surface to form a complete monolayer. 
Thereafter the speed remains constant, and the 
oxidation proceeds in the manner described by 
Mott’s theory. 

It is hoped to publish this work more fully else- 
where. 

I wish to thank Mr. B. M. Cox, who has done the 
experimental work, Mr. M. E. Haine, for advice and 
encouragement, and Dr. T. E. Allibone, director of 
this Laboratory, for permission to publish. 


R. N. BLOOMER 
Research Laboratory, 
Associated Electrical Industries, Ltd., 
Aldermaston Court, 
Aldermaston, Berks. 
Dee. 14. 


* Bloomer, R. N., Nature, 178, 1000 (1956). 
? Mott, N. F., Trans. Farad. Soc., 48, 429 (1947). 
* Wright, D. A., J. Electronics, 1, 521 (1956). 


A New Type of Zinc Sulphide Crystals 


By sublimation of zinc sulphide in an atmosphere 
of hydrogen, I have obtained a new kind of zinc 
sulphide crystals. Fig. 1 shows two different views of 
a beautiful sample of these crystals. 

While some similarity is apparent with the spiroidal 
zinc sulphide crystals prepared by W. W. Piper and 
described by W. L. Roth’, the newly observed crystals 
are peculiar for being definitely non-planar, for the 
intriguing changes in the direction of growth, and for 
developing from a common point in two different 
directions after completing a few loops. For the 
sample illustrated in Fig. 1 this happens twice, 
after approximately five loops and on the end loop. 





Fig. 1. (x 74) 
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It is difficult to put forward any simple explanation 
for the growth mechanism. The zinc sulphide used 
in this experiment was luminescent grade zinc sulphide 
pre-fired at 700° C. in a stream of hydrogen sulphide to 
eliminate any trace of zinc oxide and sulphur. The 
same luminescent grade zinc sulphide, non-prefired, 
yielded, in the same operating conditions, beautiful 
hexagonal needles many millimetres long. 

i wish to thank Dr. M. H. Aven of this laboratory 
for supplying me with the zinc sulphide powder 
purified in hydrogen sulphide. 

ARRIGO ADDAMIANO 


Lamp Research Laboratory, 
Lamp Division, 
General Electric Company, 
Neola Park, 
Cleveland, Ohio. 

Dec. 5. 


* Nature, 178, 38 (1954) (cf. Fig. 1). 


A Method of measuring the Adhesion of 
Organic Coatings to Metals 


WE have recently devised a method for measuring 
the adhesion. of organic coatings to metal surfaces, 
which, unlike many others!*, enables the adhesion 
to be distinguished from the mechanical properties 
of the coatings and also, since it does not need to be 
operated in & vacuum as do some methods*+, may be 
used to study the effects of various atmospheric and 
other conditions on adhesion. 

The method consists of decelerating coated metal 
from a high velocity in such a way as to apply a 
force to the coating which causes it to fly off the 
metal surface. A ‘bullet’ in the form of a thin steel 
disk, punched from a panel coated with the substance 
under test, and with an annulus of coating removed 
so as to leave a spot of coating in the centre, is fired 
from an air gun at a hard steel target having a hole 
in line with the coated spot of the ‘bullet’. The 
‘bullet’ is kept straight in the gun by a brass sleeve. 
The coating is decelerated by the force generated 
when the ‘bullet’ is stopped, and. if the force is high 
enough, becomes detached by its own momentum. 
By firing ‘bullets’ at different velocities, the threshold 
velocity at which the coating becomes detached can 
be determined. The force is highest at the interface 
with the substrate, an advantage which the method 
shares with those of Malloy, Soller and Roberts*® and 
of Moses and Witt*. 

It has so far not been possible, because of the 
complex deformations that occur, to calculate the 
deceleration of the ‘bullet’ from incident velocity. 
It has therefore been determined experimentally by 
measuring the change in capacitance \due to the 
approach of the ‘bullet’ to a probe inserted into the 
hole of the target, and the results agree fairly well 
with such theoretical predictions as have been made. 
The maximum deceleration obtainable is about 
3X 10? g, which yields a force of 1-5 x 10% dynes/cm.* 
for @ coating 5 x 10-* cm. thick and a density of 
1-0 gm./c.c. This force is sufficient for the measure- 
ment of the adhesion of good paints, and we have 
obtained results between 5 x 10’ dynes/cm.* and 
10° dynes/cm.?, similar to those reported by Malloy, 
Soller and Roberts*. 

The measurement is repeatable to about + 10 per 
cent, and the method has shown an agreement of 
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+ 12 per cent with direct tensile measurements of 
the adhesion of coatings which were amenable to 
both methods. A more detailed account of the 
method will be published elsewhere. 


VoL. 179 


W. D. May 
N. D. P. Smrru 
C. I. Snow 
I.C.I. Paints Division, 
Wexham Road, 
Slough, Bucks. 
Dec. 4. 


* Rolle, C. J., and Dietrich, T. L., Anal. Chem., 21 (1949). 


* Rossman, E., Fédération d’Association de Techniciens des Industries 
des Peintures, Vernis, Emaux et Encres d’Imprimerie de l’Europe 
Continentale Congress, 1953. 

* Malloy, A. M., Soller, W., and Roberts, A. G., Paint, Oil and Chem 
Rev., 116 (18) (1953). 

* Moses, S., and Witt, R. K., Indust. Eng. Chem., 41, No. 10 (1949). 


Colour Photomicrography of Colourless 
Objects 

COLOURED photomicrographs of yeast cells have 
been produced without special apparatus (such as an 
interference microscope). 

Since the internal structure of yeast cells is usually 
changed by fixation and staining, living cells were 
used, and some quite pleasing results were obtained 
when cells from a malt-grown culture were vital- 
stained with strong aqueous janus green and photo 
graphed in yellow light (Wratten No. 15 filter). 

Next, an attempt was made to use Rheinberg 
illumination!. This is a modified form of dark-ground 
illumination in which the sub-stage condenser stop 
is replaced by a transparent darkly coloured disk, 
and the surrounding annulus is filled by a second 
filter of paler but contrasting colour. Objects viewed 
through the microscope under low powers reflect 
the colour of the annulus, while the background 
takes the colour of the stop; but with increasing 
powers of objectives, the system becomes increasingly 
difficult to set up, and it will not operate with 2 mm. 
objectives. 

However, a modification was discovered which can 
be used only—and very effectively—with 4 mm. and 
2 mm. objectives. Two filters of contrasting colours 
were placed side by side with their adjacent edges 
in contact, in the beam of parallel light which enters 
the substage condenser of the microscope. When 
the condenser had been focused for critical illumina- 
tion, the filters were arranged so that the two colours 
filled exact halves of the low-power field. Under 
these conditions, an effect similar to Rheinberg illum- 
ination was obtained by the overlap of the two 
colours, when an object was viewed under high power. 
A variety of effects could be obtained by making 
small lateral movements of the filters, and these 
ranged from one background colour with contrasting 
cells to the opposite colour combination, 

The method has been used successfully for photo- 
micrography of yeast cells, when red (Wratten No. 25) 
and green (Wratten No. 58) filters were used, and 
it should be applicable to any colourless objects of 
less than about 50yu in diameter. 

J. D. Levi 
Research and Development Department, 
Distillers Company, Ltd., 
Great Burgh, 
Epsom, Surrey. Dec. 4. 


1 Oliver, C. W., “The Intelligent Use of the Microscope’’, 89 (Chapman 
and Hall, London, 1947). 
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FORTHCOMING EVENTS 


( Meetings marked with an asterisk * are open to the public) 


Monday, March 4 


UNIVERSITY COLLEGE, Jaqnes (in_the P ig mrad Theatre, Gower 
— London, W.C. 1); a t 5 p.m.—Dr. G “The Biochem- 

sof a Acids and Cholesterol”’.* Purther i alent on March 11 
P 

BRITISH SOCIETY FOR THE HISTORY OF SCIENCE, PHILOSO 
SCIENCE GROUP (in the Joint Staff Common Room, Universit ‘College, 
Gower Street, London, W.C.1), at 4.30 p.m. _— Annual Gene: Meeting. 
5.30 p.m. —Prof. 8. Korner: ag eo Vagueness i Necessity”. 

INSTITUTION OF ELECTRICAL GINEERS, RADIO AND TELECOM- 
MUNICATION SECTION (at Savoy Ey London, Ww. C3 2). at at 5. 30 p.m.— 
—— evening on “Electronics in Administration—a Survey”’. 

by Mr. D. C. Espley. 

‘ae OF ENGINEERS (at the Bp pan Society, og oer 
House, Piccadilly, London, W. 1), at 5.30 p.m. —The Right Hon rd 
Ventry : “Airships and Balloo 

SOCIETY OF CHEMICAL canetin’. LONDON SECTION (at 14 Belgrave 
Square, London, 8.W.1), at 6. 36 p.m.—Three- per Pg -- ¥W 

“Documentation”. Speakers: Dr. H. J. Barber, Dr. R. 
and Dr. J. H. Hamence. 


Tuesday, March 5 


INSTITUTION OF Post OFFICE ELECTRICAL ENGINEERS (at the 
Institution of Electrical Engineers, 4 ty A Place, Victoria Embank- 
ment, London, W.C.2), at 5 p.m. —Mr. R. A. Cooper: “Work Study— 
Its Purpose and Application”. 

INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 5.30 p.m.—Mr. 8. 
Tailby and Mr. I. Berkovitch : “The Effect of Sonic M sg on 
Heat Transfer + Town Gas”; Mr. 8. R. Tailby and M D. 
Ashton: “Hea + gens from Coal Gas Flames to Water Tacketed 
Horizontal Tubes 

INSTITUTION OF ‘crv ENGINEERS (at Great George Street, West- 
minster, London, 8.W.1), at 5.30 p.m.—Mr. A. W. Kenny : Behaviour 
of Radio- -lsotopes in = Treatment and the Disposal of Radio- 
active Wastes to Sewers 

ASLIB (at the aot Society of J of Arte. 8 John Adam Street, Adelphi, 
London, W.C.2), a’ C. Martin: “The Royal Society’s 
Interest in Scientific Dticatione and the Dissemination of Informa- 


‘eee or GAS ENGINEERS (in the lest Hall of the Institu- 
tion of Mechanical Engi neers 1 Birdcage Walk, London, 8.W.1), at 
6 p.m.—Mr. F. M. Birks : Glasgow Memorial ‘Lecture. 


Wednesday, March 6 


AL SOCIETY OF ARTS (at ia Adam Street, Adelphi, London 
wea. at 2.30 p.m,—Prof. T. Wallace, F.R.S.: “Trace Elements in 
Plant Nutrition with special reference to Crops” (Fernhurst Lecture). 


INSTITUTE OF ryry EDUCATION GrovP (at 47 Belgrave Square 
London, 8.W.1), at 4 oe —Annual General Meeting, followed by 
Prof. F. A. Vick: “An xperiment in University Education”. 


ROYAL SOCIETY OF MEDICINE, HISTORY OF MEDICINE SECTION 
(at 1 Wimpole Street, London, W. 1), at 5.15 p.m.—Prof. F. G. Young, 
i p: “Glycogen 1857-1957” ; Dr. Gordon Mestler: “Old Japanese 

cine”. 


INSTITUTE OF Fynosnos (at 26 Portland Place, ioe, W.1), 
at 5.30 p.m.—Mr. . R. Warman and Dr. A. T. Denniso “Trends 
in Exploration Methods, 


eer OF LoNDON (in the Toye ! Theatre, University 
College, Gower Street, ee. “re vt t 5.30 p.m.—Prof. J. T. 
Bonner (Princeton University) : ivolution of Development”.* 
(Further lectures on March 7 and 8 


SocTRTY FOR ANALYTICAL bch BIOLOGICAL METHODS GROUP 
(at “The Feathers”, Tudor Street, London, E.C.4), at or p.m.— 
Discussion Meeting on a Experi rimental Assessment of Tran- 
quilizers”, introduced by Dr. A. Spinks. 


Thursday, March 7 


PuysicaL Society, OrricaL Group (at Imperial College, Imperial 
Institute Road, London, 8.W.7), at 2.30 *m.—Annual General 
Meeting, followed by Mr. R. Hanbury-Brown: “An re =| e- 
ferometer, and the Measurement of Stellar Diameters” ; 

ahn: “The Statistics of Beams of Light”. 


PuysicaL Society, Low TEMPERATURE GRovP (at the Royal School 
of Mines, South Kensin ington, London, 8.W.7), at 4 p.m.—Dr. J. M. 
Lock: “The Magnetic perties of the Rare Earth Metals at Low 
Temperatures”. 

— Socurr ons Burlington House, 8 i Lenten, W.1), 

at4 1. I. Hanna and Mr. E. Sonaheim ag 
and ‘Lattice “Conduction in Metals”; Mr. i. L, Bell and Mr. R. W. 
Cahn: “The Dynamics of Twinning and the “Interrelation of Slip 
and Twinning in Zinc Crystals”. 

LINNEAN SOCIETY OF LONDON (at Burlington House, Pi 
London, W.1), at 5 p.m.—Dr. K. R, Spore : “Some of Floral 
Vascular Systems”; Dr. R. Melville: ‘The Nature of byl Angio- 

Angiosperm”’. 


sperm Ovary and the Origin of the 


INSTITUTE OF REFRIGERATION (at the Junior Institution of 
Pepys House, 14 es Row 
5.30 p.m.— 
Refrigerat: 


, Westminster, London, 8.W.1), at 
: “Automatic Control Systems for 
ing Plant a. Air ? Condiiioni ing”, 
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INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
bf a id sao sees —Mr. L. B. Hol m, Mr. K. A. Spencer and Mr. 
W. Heselgrave : “Cathodic Protection” 
Ross AERONAUTICAL SOCIETY (at the Institution of Mechanical 

ineers, Birdcage Walk, London, 8.W.1), at 6 p.m.—Monsieur Paul 

: “New Methods in Aircraft Production”. XTenth Louis Bleriot 


Lecture 
pon Al OF METALS, LONDON LOCAL oe (at 17 Be ve 
Poet hilope ae. 8.W.1), at 6.30 p.m.—Dr. C. E. Ransley : in 


In cod oF BIOLOGY, LONDON BrRANcH (at 41 A moet Gate, 
London, 8.W.7), at 7.30 p.m.—Meeting on “Some Aspects of Radio- 
toxicity”. Prof. J. Rotblat : “Physics of — on Damage”; Pro’ 

L. 8. enrose, F.B.S.: “Biological Aspects 


Friday, March 8 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Sir Ben pre, F.R.8.: “European Organization for 
Nuclear Research”’ 


APPOINTMENTS VACANT 


APLICATIONS are invited for the following appointments on or 

<> the — mentioned : 
EAD (honours graduate in chemistry, physics or metallurgy, with 

wm. . 4 industrial or research experience; corporate member of a 
professional institution, and pref ly with’ experience of administra- 
a in a senior technical co! og a F THE DEPARTMENT OF PURE AND 

PPLIED ore nal (Grade II), eld Technical college. ‘os eensway, 
Enfield, Middlese Secretary, Middlesex County Council Educa- 
tion Committee, 10 ) Great George Street, Westminster, London, 8.W.1, 
quoting Ref. F/CWI2 (March 8). 

ASSISTANT LECTURER IN SOIL SCIENCE IN THE DEPARTMENT OF 
AGRICULTURAL CHEMISTRY—-The Registrar, University College of 
Wales, Aberystwyth (March 9). 

SENIOR LECTURER or LECTURER (preferably with good academic and 
research Sa IN ORGANIC CHEMISTRY—The Clerk to the 
Governors, Woolwich Polytechnic, London, 8.E.18 (March 9). 

READER IN HEAVY CURRENT ELECTRICAL ENGINEERING ; READER 
IN LiGHT CURRENT ELECTRICAL ENGINEERING; READER "in MEcH- 
ANICAL ENGINEERING ; READER IN PHYSICAL METALLURGY ; READER 
IN INDUSTRIAL METALLURGY; READER IN HIGH POLYMER CHEM- 
ISTRY; READER IN CHEMICAL ENGINEERING; READER IN PHYSICS 
with special reference to ELECTRONICS; READER IN MATHEMATICS, 
preferably in MATHEMATICAL PHYSICS ; and @ READER IN INDUSTRIAL 
ADMIXISTRATION with special reference to HUMAN ASPECTS OF MAN- 
Ingham (March ee College of Technology, Suffolk Street, Birm- 


IN THE History oF SctgeNcE—The Registrar, University 
ny a: 


ECTURER 
beg egy 
NT LEcT r LECTURER IN STaTIsTICS—The Registrar. 
valversity ; na oft North Staffordshire, Keele, Staffs (March 15). 

PRINCIPAL LECTURER IN APPLIED MECHANICS: and a SENIOR or 
JUNIOR LOOTURER IN APPLIED MECHANICS—The Director -f a 
Royal Naval College, Greenwich, London, S.E.10 (Marc 

LECTURER IN PSYCHOLOGY— Registrar, Foe Fy college, 
Leicester (March 16). 

RESEARCH ASSISTANT (man or woman, preferably with an honours 
degree in medical sciences or biology, and a knowledge of German) 
IN THE DEPARTMENT OF ANATOMY, for work mainly on the central 
nervous system—The Secretary, University College, Gower Street, 
London, W.C.1 (March 18). 

SENIOR LECTURER IN GEOGRAPHY at the University College, Ibadan, 
Nigeria—The Secretary, Inter-University Council for Higher Educa- 
tion Overseas, 29 Woburn Square, London, .1 (March 22). 

LECTURER IN THE DEPARTMENT OF ELECTRONIC ENGINEERING— 
The Registrar, The University, ee (March 

CHAIR OF ELECTRICAL ENGINEERING—The Secretary, The Queen’s 
University, —_—_ (March 30). 

LECTURER or ASSISTANT yee In GroLocy—The Registrar, 
The University, Notti (Marc! 

LECTURER IN EDUCATION at the University of Queensland, Australia 
—The Senetery, Association of Cena of the British Common- 
— —— Gordon Square, London. W.C.1 (A Australia, March 31). 

STUDENT ( with in ical 

seat phy) for research in the coastal ae . of Roman Britain, 

rent initially on the Thames Estuary—The Director and ge si 
cal Society, 1 Kensington Gore, London, 8.W. 


ry i te 

HALLIBURTON CHAIR OF PHYSIOLOGY at King’s College, Strand, 
London, W.C.2—The Academic strar, University of London, 
— House, Londor, W.C.1 (April 2). 

ECTURER OF ASSISTANT LECTURER IN PHYSIOLOGY—The Registrar, 

The University, Sheffield (April 6). 
oa . m Laceunee 1 DursoLocr in the ew, of Meticine, 

hivers 


ho ustralia—The Secre 
Universities of of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 1 (Australis, April 12). 
— apaotr at the London School of Hygiene and 
Trop — Medici Registrar, University of London, Senate 
House, London, W. V0. 1 7 (April 30). 
AGRICULTURAL CHEMIST (with at least a second-class honours 
— in science, preferably wi 
chemistry, at experience in analytical oye on 


D agri 
solls, fertilizers, and feeding stuffs) in Northern Bhodesia, 














tions. surve 
The biretor of Recruitment, vent, Colonial Of Office, London, $.W.1, quoting 


IN AGRICULTURAL ZOOLOGY IN THE BIOLOGY 


aes » LECTURER 
DEPARTMENT—The Bursar, Royal Agricultural College, Cirencester. 
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CHEMIST (B.Sc., A.R.1.C,, A.I.M.L.T., or equivalent) IN THE RE- 
SEARCH LABORATORY—The Secretary (R), é Hospital for Sick 
5 oe Great Ormond Street, London, W.C.1. 

HEAD OF THE DEPARTMENT OF MATHEMATICS—The Secretary, Sir 
John Cass College, Jewry Street, London, E.C.3. 

LECTURER or ASSISTANT LECTURER (with a Ph.D. degree in mathe- 
matics or in mathematical statistics)}—The Chairman, Mathematics 
Department, McMaster University, Hamilton, Ontario, Canada. 

RESEARCH ASSISTANT (with a qualification in horticulture) IN THE 
DEPARTMENT OF Botany, for duties which involve the supervision of 
the experimental garden and some routine assistance with existing 
cytogenetic research programmes—Prof. I, Manton, Department of 
Botany, Th The University, Leeds 2. 

— AND ASSISTANTS IN DEPARTMENT OF 
oe den . Forbes, Ph.D., hennoctat University of New- 
foundiand, St. John's, "Newfoundland, Canada. 

SCIENTIFIC OFFIORR, Grade 2 (with academic qualifications, and 
preferably a knowledge of textiles and problems of wear) IN THE 

EXTILES DIvIsion of the British Railways Research Department, 
Derby—The Director of Research, British Transport Commission 
(British Railways Division), 222 Marylebone Road, London, N.W.1 

SENIOR ELECTRONICS TECHNICIAN to take charge of a new electronics 
workshop for constructing and maintaining laboratory equipment— 
The Registrar, The University, Nottingham. 

SENIOR LECTURER PHYSIOLOGY AND PHARMACOLOGY at_ the 
Technical College, Bradford The Director of Education, Town Hall, 
Bradford. 

SENIOR SCIENTIFIC OFFICERS/SCIENTIFIC OFFICERS + first- 
or second-c honours degree in physics or me y, aim some 
research experience) to carry out basic research on the. alloying be- 
haviour of er (Ref. 1421/34), and on the base properties 


these metals ( 1422/34)—T he Senior _Recruitment Officer, 
Al Berkshire, 





p> Panne me Weapo c 
quoting approp: riate Ref. No. 
TECHNICAL ASSISTANT for work on winter cauliflower at the Seale- 
Hayne Agricultural College—The Secretary, National Institute of 
Agricultural Botan y, Huntingdon Road, Cambridge. 
VETERINARY BACTERIOLOGIST (expert in the preparation of serums 
and sterinasy in ee  Wateninany Laboratory of the Directorate General 
Iraq—The Ministry of Labour and National 
"Almack "House, 26-28 King Street, London, S.W.1, 


Se 
quiine “ as HQ/162/ME. 


REPORTS and other PUBLICATIONS 


(noi included in the monthly Books Supplement) 


Great Britain and Ireland 


Ministry of Agriculture, Fisheries and Food. Studies in Urban 
Household Diets, 1944-49: Second Report of the National Food 
Survey Committee. Pp. 143. (London: H.M. Stationery Office, 
1956.) 5s. 6d. net. (lit 

Ministry of Agriculture, Fisheries and Food. Department of 
Agriculture for Scotland. Report on the Animal Health Services in 
Great Britain, 1955, including Report of Proceedings under the Diseases 


of Animals Act, 1950. Pp. iv+116. (London: H.M. Stationery 
Office, 1956.) Bs. net. {111 

General Regiister Office. ‘ei 1951 : England, Occupa- 
tion Tables. Pp. xvi+67: (London: H.M. baleen Office, 


1956.) 147s. net. {111 
Forestry Commission. Report of the Committee on Marketing of 
Woodland Produce, 1956. Pp. 100 . 6d. net. Leaflet No. 39: 
The Quality of Poplar Plants. Pp. re “6d. net. Leaflet No. 40: 
The Pine Shoot Moth and Related Species. Pp.8. 9d.net. (London : 
H. § Stationery Office, 1956.) {111 
e Registrar General’s Statistical Review of England and Wales 
for the year 1955. Part 1: Tables, Medical. Pp.x+374. (London: 
H.M. Stationery Office, 1956.) 12s. 6d. net. {111 
Department of Scientific and Industrial Research. Building 
Research Station. National Building Studies—-Special Re rt No. 24: 
A Note on the History of Reinforced Concrete in Buildings. By 
Dr. 8S. B. Hamilton. Pp. iv ha plates. 3s. 6d. net. National 
Building Studies— Special Re: t No. 25: The Durability of Rein- 
forced Concrete in Buildings. Pp, iv+32+12 plates. 38. 6d. net. 
(London: H.M. Stationery Office, 1956.) {111 
Department of Scientific and Industrial Research. Memoirs of the 
Geological Survey. Special Reports on the Mineral Resources of 
Great. Britain. Vol. 37: The Limestones of Scotland—Chemical 
Analyses and Petrography. Chemical Analyses. By Dr. A. Muir 
and Dr. H. G. M. Hardie. Spectrographic Determinations of Trace 
Elements. By Dr. R. L. Mitchell. Petrography. By Dr. J. Phemis- 
ter. Pp. iv+150+4 plates. (London: H.M. Stationery Office, 
1956.) 21s. net. 11 
Department of Scientific and Industrial Research. Coalfield Papers 
of the Geological Survey of Great Britain. No. 1: The Economic 
Geology of the Stirling and Clackmannan Coalfield, Scotland; Area 
po of the River —_- By E. H. Francis. With Palaeontology 
M. A. Calver and R. B. Wilson. Pp. vi+36+13 figures +2 tables. 
(Edinburgh : H.M. Stationery Office, 1956.) 5s. net. {111 
The Professional Electrical Engineer : The Training of Graduates. 
(A Report of the Joint Committee on Practical Training in the Elec- 
trical Engineering Industry.) Pp. 35. (London: Institution of 
Electrical Engineers, 1957.) by {11 
Platinum Meials Review: a Quarterly Survey of Research on the 
Platinum Metals and of Developments of their Applications to Industry. 
Vol. 1, No. 1 aged 1957). Pp. 36. (London: Johnson Matthey 
one Co., Ltd., 1957. ), lll 
Petr ‘coleum Ration ng of Industry. Pp. v+23. (London: Federa- 
tion of British oe wee ay 1956.) 28. 6d. 11 
Annual Report of the National Oceanographic Council, 1 April 1955 
—31 March 1956. Pp.vi+38. (Cambridge: At the University Press, 
1957.) 5s. net. (11z 
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Northern Advisory Council for Further Education, Ninth Annua) 


Report for the year ended 81st March, 1956. Pp. 34. (Newcastle- 
°F eae Northern Advisory Council for Further Education, 


(111 
Chemical Engineering—a Career. Pp. 31 (12 plates). (London : 
Institution of Chemical Engineers, 1956 
brary Association. Special Subject suit: No. 12: High- Fiaslits 
Sound Reproduction. Pp. 27. (London: Library Association, 
1956.) 2s. 6d. (1r 
Cancer Distribution and Atmospheric Eyauticn. By Michael Ash 
Pp. 46. (Enfield, Mddx.: ARO Enfield, Ltd., 1956.) 7s. 6d. {111 


Other Countries 

Kementerian Perhubungan. Lembaga Meteorologi dan Geotisik, 
Djakarta. Verhandelingen No. 50: The Mechanism in the Focus of 
28 South-East Asian Earthquakes. By Dr. A. R. Ritsema. Pp. 76. 
(Djakarta: Lembaga Meteorologi dan Geofisik, 1956.) {i111 
Central Laboratories for Scientific and Industrial Research, Hydera- 
bad. Annual Report, 1955. Pp. xli+80. (Hyderabad-Deccan : 
Central Laboratories for Scientific and Industrial Research, 1956.) [111 
Smithsonian Institution: United States National Museum. To- 
ceedings of the U.S, National Museum. Vol. 106, No. 3364: Chiggers 
of the Genus Euschéngastia (Acarina: ‘Trombiculidae) in North 
America. By Charles E. Farrell. Pp. 85-235+21 plates. Vol. 106, 
No. 3366: Some Crickets from South America (Grylloidea and et 

dactyloidea). By Lucien Chopard. Pp. 241-293. Vol. 106, No. 3367 
zm zee ad Species of Trigonalis Wasps. By Henry Townes. Pp. 
No. 3368 theticomyia, a New Genus of 
Acaly, pirate Flies ‘of Uncertain Family Relationship, By Marshall R. 
Wheeler. Pp. 305-314. Vol. 106, No. 3369: A Tribal Revision of the 
Brachycyrtine Wasps of by World (C ryptinae- epumanieee) By 
Luella M. Walkley. Pp. 315-329. Vol. 106, No. 3373: A Revision of 
the Acrocerid Flies of the Genus Pialea Erichson, w ith a ‘Discussion of 
their Sexual Dimorphism (Duptera). By Evert I. Schlinger. Pp. 
359-375. (Washington, D.C.: Smithsonian Institute, U.S. National 
Museum, 1956.) (111 
Indian Forest Bulletin (New Series). Entomology. No. 212: A 
New Species of es ye (Chalcidoidea: Torymidae, 
minae) from India. Dr. R. N. Mathur and Dr. N. W. Hussey. 
Pp. 3 (1 plate). (Delhi : Manager of Publications, 1956.) Ae tit 
1s. l 
Forest Research in India, 1950-51. Part Reports for Burma 
and Indian States. Pp. ii+113. (Delhi: )* ty of ‘Publications, 
1956.) Rs, 7/4/-; Ls. 6d. ill 
Proceedings of the American Philosophical Society. Vol. 100, 
No. 6 (December 17, 1956): Studies of Historical Documents in the 
Library of the American Philosophical Society. Pp. ii+521-616. 
(Philadelphia : American Philosophical Society, 1956.) 1 dollar. [111 
Research Bulletin of the Panjab University. No. 86 (Zoology) : 
Studies in Reptilian Spermatogenesis. 2: Spermatogenesis of the 
Freshwater Turtle, Lissemys punctata punctata Bonnaterre, with 
Ghesrwettone on the Living } faterial under the Phase-Contrast Micro- 
y Bhupinder Nath § ud. Pp. 31-47. Rs. 2-12-0. No. 87 
(Chemistry) : Studies in Thiopegans. By G. M. Sharma, I. Sen Gupta 
and K. 8. Narang. Pp. 49-52. Rs. 0-11-6. No. 88 (Chemistry) : 
Studies in Surface Complexes of Charcoal. By Balwant 1 Ral Purl. 
Y. P. Myer and Leekh Raj Sharma. P 3-59. Rs. . 39 
(Zoology): Studies on the Digenetic Trematodes of Marine Fishes 
from the Gulf of Manaar (India). By N. K. Gupta. Pp. 61-83. 
2-8-0. No. 90 (Zoology): The Relationship of the Symphyta 
he to other Orders of Insects on the Basis of Adult 
External Morphology. By G. L. Arora. Pp. 85-119. Rs. 5-4-0. 
No. 91 (Zoology): The pomahone Sperm. By Vishwa Nath and 8. 
Singh. Pp. 121-134. Rs. 2-0. No. 92 (Chemistry): Effect of 
Temperature of Incubation a ‘the Chemical Composition of Aspergillus 
Nidulans Fat. By J. Singh and T. K. Walker. Pp. 135-138. Rs. 
0-12-0. No. 93 (Zoology) + ey gy “ the Domestic Fowl, 
Gallus Domesiicus. By G Sharma, B. L. pta and K. K. Nayar. 
Pp. 139-151. Rs, 2-2-0. “No. 94 (Mathematics) Partitions in Terms 
of Combinatory Functions. By Hansraj Gupta. Pp. 153-159. 
Rs. 1-4-0. (Hoshiarpur: Panjab University, 1956.) 111 
Ministére des Affaires Etrangéres : Direction des Relations Cul- 
turelles. Informations Scientifique, No. 1, 1956. Pp. 52. Gee: 
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Universidad Nacional de Colombia. Departamento de Mateo 
Cultural y Relaciones Publicas. Ciudad Universitaria. Annuario de 
Labores, 1953-1954. Prospectos y Programas para 1955. Pp. 961. 

(Bogota: Universidad Nacional de Colombia, 1955.) {il 
Unesco. Reports and Papers on Mass Communication. No. ty 
List of Films recommended for Children and Adolescents up to 16 years 
following selections made in Twenty-two Countries. Prepared by 
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(Paris: Unesco ; London: H.M. Stationery Office, 1956.) 350 francs: 
8.; 1.50 dollars. {lll 
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GRANTS & SCHOLARSHIPS 


DUBLIN INSTITUTE FOR 
ADVANCED STUDIES 


SCHOOL OF THEORETICAL PHYSICS 

The Governing Board of the School of Theoreti- 
cal Physics of the Dublin Institute for Advanced 
Studies is prepared to award a limited number of 
Scholarships tenable in the School during the aca- 
demic year 1957-58, Stipend: £350 per annum, 
which may be increased to £450 per annum in 
special circumstances. 

For further particulars and forms of application 
candidates should apply immediately to The Senior 
Clerk, Dublin Institute for Advanced Studies, 64 
Merrion Square, Dublin. Cc 
should reach the Senior Clerk on or before June 


1, 1957. 
SCHOLARSHIPS ABROAD, 1957-58 


Applications are invited from British students 
for scholarships offered by Austria, Belgi 








EAST MALLING RESEARCH 


STATION 
Vv. H, BLACKMAN RESEARCH 
STUDENTSHIP 
The East Malling Research Station Association 


offers a of £500 per 
annum (tax free), tenable at ihe Research Station 
for three years, for 
ate to a research field pancing upon one of the 
fundamental! biological! probiems arising from the 
orchard culture of fruit trees, and from their 
vegetative growth flowering, fruiting. pests. and 

Ca (men) must be of British 
nationality and hold a good degree of a university 
of the United Kingdom in a subject appropriate 
to such fields, and must ae detailed recom- 











mendations as to their for for 
a research career, The student's research at the 
Station will be under the direction of a senior 
member of staff (in collaboration. if so desired, 
with a supervisor from the student’s university) ; 
at the end of the three years he will be required 
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— Brazil. Denmark, Finland, France. Germany, Ice- 


land, (ran, Italy, The Netherlands, Norway, Portu- 
gal, Spain, Sweden, Switzerland and Yugoslavia. 
The awards are mainly for uniyersity graduates 
and undergraduates a are tenable for periods 
varying from a few weeks to twelve months during 
the academic year 1957-58. 

Full particulars and application forms, for 
which a stamped addr foolscap envelope 
should be sent, are obtainable from the British 
Council, 65 Davies Street, London, W.1, or from 
any British Council office in the United Kingdom. 





BRITISH FEDERATION OF 
UNIVERSITY WOMEN 
Ida Smedley MacLean Junior British Scholarship, 


1957-58. Value £100, for research or training for 
research. Open to women graduates of the British 
Isles under 30 years, 

Summer Research Grant Reid Hail, Paris, 1957, 
providing residehce from mid-July to mid- 
September for woman graduate to pursue scholarly 


y research. 


Belts from Research Applications, B.F.U.W., 
17A Kings Road. London, S.W.3. ‘Applications 
by April 30, 1957. 





to provi a full account of his research in the 
form of a thesis. The successful candidate wil! 
normally be required to complete, or to have com- 
pleted, his National Service before taking up the 
award. 

Application forms are obtainable from the Sec- 
retary, East Malling Research Station, near Maid- 
stone, Kent, to whom they should be returned not 
later than March 31. 





IMPERIAL COLLEGE 
BURSARIES FOR POSTGRADUATE 
STUDENTS 


Bursaries are available for Session 1957-58 to 
students normally resident in the nited Kingdom 
for Courses of Postgraduate Study (not Research) 
in the following subjects: Civil Engineering ; 
Mochentcal Engineering ; Electrical Engineering ; 

ri Applicants must be gradu- 
sane, who fave spent at least one year away from 
University since graduation, preferably in Industry. 
The Bursaries will be of value £500 to £700, ac- 
cording to circumstances. 

Applications should be sent to the Deputy 
Registrar, City and Guilds College, Exhibition 
Road, London, S.W.7, not later than April 18, 
1957. 
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GEOPHYSICS 

The Royal Dutch-Shell Group of Oil Companies 
invite applications for a Studentship in Geophysics 
of the value of £500 a year for single men and 
£550 for married men of any nationality who are 
under the age of 27 years on October 1, 1957. 
Subject to satisfactory progress, the Studentship 
will be for a period of two years from October 1, 
1957, and may be renewed for a third year. An 
elected Student will be required to pursue a course 
of training in research in geophysics at the Uni- 
versity of Cambridge and he must be, or must 
become, registered as a Rescarch Student at that 
University. 

Applications for the Studentship should be sent 
to Mr. B. C. Browne, Department of Geodesy and 
Geophysics, Madingley Rise, Madingley Road, 
Cambridge, so as to reach him not later than 
June 1, 1957. Each application must be accom- 
panied by a statement of the candidate’s career 
(including his date of birth), and by the names of 


at least two referees. 
UNIVERSITY OF DUBLIN 


TRINITY COLLEGE 
TRINITY TRUSTS SENIOR RESEARCH 
SCHOLARSHIP 


Applications are invited from graduates of the 
University of Dublin for a Trinity Trusts Senior 
Research Scholarship, valuc £490 per annum for 
two years. 

The regulations and application forms may be 
obtained from the Registrar, Trinity College, Dub- 
lin, who wil) receive applications until June 1, 


1957, 











TRADE ANNOUNCEMENT 
GLASS FIBRE FILTER PAPERS (BORO- 


Silicate arid from U. for details to 
Jencons Ltd Mark Road, Hemel Hempstead. 
Herts. 








FOR SALE AND WANTED 
FOR SALE. “THE TREES OF GREAT 


Britain and ~~ * by Elwes and Henry: 7 vols. 
Offers.— Box G. Scott and Son, Ltd., I 
Clement’s ay ‘ianton, W.C.2. 














HIGH 





VACUUM 


Individually Tested 


and Guaranteed 
(Approved suppliers to U.K.A.E.A.} 
6 SPR. i 
New Town 
STOPCOCKS Foam mpm 











Clerkenwell 3807 (2 lines) 


Speciolists in the supply 
SCHOOL, LABORAT ORIES. 


HARRINGTON BROS. LTD. 


4 OLIVER'S Lee 53a CITY ROAD, cGesmore. E.C.1 


“Siceative, Ave, London” 
LABORATORY CHEMICALS 
Organic and Inorganic 


ay ag 





Volumetric Solacions, Stains and other Materials for Microscopy. 
atalogue sent on request 





Contoura-Constat 
PHOTOCOPYING 


@ Positive copies in ONE MINUTE in normal room 
@ AUTOMATIC PROCESSING IN ‘‘Constat’’ Dry 
@ From BOOKS & PERIODICALS as easily as from 


@ Fully portable for maximum versatility. 


QUARTO 
from £32 10s. 
For full information write or telephone 
CONTOURA PHOTOCOPYING 
56 Islington Park St., London, N.I. 


lighting 
Processor 


single sheets 


FOOLSCAP 
Complete from £41 10s. 


LTD 
(Canonbury 7900) 




















FARADAY WORKS « 





° If price is important 


and Quality too 


BUY VOSS THERMOMETERS |} 


Glass : Porcelain 

Plasiie + P.V.C. + 

Chromium + Wood + Cellulose 
‘Film » Paper, etc. 


GLENCRESTON LTD. 


41, Church Road, Stanmore, 


0-110°C. £2. 8.0 per dozen 
0-200°C. £3.180 de. 30 
0-360°C. 23.0 o 


plus 5%, ex Works. 


Chemical Thermometers, Nitrogen filled, 12° long. 
As used by most Universities 


VOSS INSTRUMENTS LIMITED 
MALDON + 


wreteo 


ESSEX 











FLO-MASTER FELT TIP 
LAB-PEN 


On any 






Middlesex. 
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Projection BECK BINOCULAR 
Perfection EYEPIECE ATTACHMENT 


Angular Model 


diascope is fitted This attachment enables the monocular 
with silent twin microscope to be instantly converted 
cooling fans and into the binocular type. It can be used 
has a large speci- with any power object glass and has all 
men platform in the qualities of the binocular bodies 
an undercarriage ‘Britich’ which are built into the microscope, 
which is easily interchanged with onto Theinclinedangleisagreat eshwditieade 
a as ° for those who 

over unlimited areas. A simple work with the 

lever movement selects either opaque or lantern slide microscope re 

projection through the same lens. Price £116 - 12 - 0 prolonged 


periods. 


The ‘British’ Epi- 


Please write for new illustrated leaflet 

€ 
Catalogue giving full 
details forwarded on 


R. & J. BECK, Ltd. 
METRON WORKS * PURLEY WAY : CROYDON 69 Mortimer St., 
Showrooms: 244 High Holborn, London, W.C.1 LONDON, W.1 

















For accurate measurement of low resistance the 
Pye Kelvin Bridge is an ideal choice. 
Measurements can be taken over the wide 
range 0.I microhm to 11 ohms with extreme 
ease of operation. Current and potential 
terminals are fitted and the double bridge 
connection is advised for resistances of less than 
1 ohm. The accuracy of the instrument is 
0.05% and the test current can be as high 

as 10 Amps. 

Please write for a descriptive leaflet. 


wd 7 —SCIENTIFIC(») (AinstRUMENTS 


London Z 
Representative ; aps EN ne W. G. PYE & CO. LTD., 
HOL 2767-8 eS ag 2 GRANTA WORKS, 


 . ote Fail. 4 CAMBRIDGE, ENGLAND. 
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